








VOLUME 55, NUMBER 1 JANUARY-MARCH 2008

MADRONO
A WEST AMERICAN JOURNAL OF BOTANY

Vascular Flora of the Lower San Francisco Volcanic Field,

Coconino County, Arizona

Kyle Christie 1

A Late Holocene Record Of Vegetation And Climate From A Small

Wetland In Shasta County, California

R. Scott Anderson, Susan J. Smith, Renata B. Jass, And W. Geoffrey

Spaidding 15

Local Scale Vegetation Mapping And Ecotone Analysis In The
Southern Coast Range, California

Robert J. Steers, Michael Ciirto, And V. L Holland 26

Ecology And Ecophysiology Of A Subalpine Fellfield Community
On Mount Pinos, Southern California

Arthur C. Gibson, Philip W. Rundel, And M. Rasoul Sharifi 41

Morphological Traits And Invasive Potential Of The Alien

Euphorbia terracina (Euphorbiaceae) In Coastal Southern
California

Erin C. Riordan, Philip W. Rundel, Christy Brighani, And John

Tiszler 52

The Rediscovery And Status Of Dissanthelium calieornicum

(PoACEAE) On Santa Catalina Island, California

Jenny L McCune And Denise A. Knapp 60

Resurrection Of Asclepias schaeeneri (Apocynaceae,

ASCLEPIADOIDEAE), A RaRE, MEXICAN MiLKWEED
Mark Fishbein, Veronica Judrez-Jaimes and Leonardo O.

Alvarado-Cdrdenas 69

Habitat And Distribution Of Cryptantha crinita Greene
(Boraginaceae)

Brian A. Elliott And Samantha S. D. Mackey 76

Livestock Trampling And Lilaeopsis schaeeneriana Var. recurva

(Brassicaeae)

Jacob W. Malcom And William R. Radke 81

New Taxa Following A Reassessment Of Eriastrum sparsielorum

(POLEMONIACEAE)

David Gowen 82

CONTENTS

NOTES

MEW SPECIES

PUBLISHED QUARTERLY BY THE CALIFORNIA BOTANICAL SOCIETY



Madrono (ISSN 0024-9637) is published quarterly by the California Botanical Society, Inc., and is issued from the

office of the Society. Herbaria, Life Sciences Building, University of California. Berkeley, CA 94720. Subscription

information on inside back cover. Established 1916. Periodicals postage paid at Berkeley, CA, and additional mailing

offices. Return requested. Postmaster: Send address changes to Madrono, Susan Bainbridge, Jepson Herbarium,

University of California, Berkeley, CA 94720-2465.

Editor—Polly Schiffman

Department of Biology

California State University

Northridge, CA 91330-8303

madrono@ csun.edu

Book Editor—Jon E. Keeley

Noteworthy Collections Editors—Dieter Wilken, Margriet Wetherwax

Board of Editors

Class of:

2008—Ellen Dean, University of California, Davis, CA
Robert E. Preston, Jones & Stokes, Sacramento, CA

2009—Donovan Bailey, New Mexico State University, Las Cruces, NM
Mark Borchert, USES, Ojai, CA

2010—Ered Hrusa, California Department of Food and Agriculture, Sacramento, CA
Richard Olmstead, University of Washington, Seattle, WA

201 1—Jamie Kneitel, California State University, Sacramento, CA
Kevin Rice, University of California, Davis, CA

CALIFORNIA BOTANICAL SOCIETY, INC.

Officers for 2007-2008

President: Dean Kelch, Jepson Herbarium, University of California, Berkeley, CA 94720, dkelch@sscl.berkeley.

edu

First Vice President: Andrew Doran, University and Jepson Herbaria, University of California, Berkeley, CA 94720,

andrewdoran@berkeley.edu

Second Vice President: Dan Harder, Arboretum, University of California, Santa Cruz, CA 94064

Recording Secretary: Staci Markos, Friends of the Jepson Herbarium, University of California, Berkeley, CA
94720-2465 , smarkos@ socrates.berkeley.edu

Corresponding Secretary: Susan Bainbridge, Jepson Herbarium, University of California, Berkeley, CA 94720-

2465, sjbainbridge@calmail.berkeley.edu

Treasurer: Susan C. Dunlap, Aerulean Plant Identification Systems, Inc., Menlo Park, CA 94025, susancdunlap@

hotmail.com

The Council of the California Botanical Society comprises the officers listed above plus the immediate Past President,

Michael Vasey, Department of Biology, San Francisco State University, 1600 HoUoway Avenue, San Francisco,

CA 94132, mvasey@sfsu.edu; the Editor of Madroiio; three elected CoimcU Members: James Shevock, National

Park Service, Cooperative Ecosystems Studies Unit, 337 Mulford Hall, University of California, Berkeley 94720-

3 1 14, jshevock@nature.berkeley.edu; Roy Buck, Jepson Herbarium, University of California, Berkeley, CA 94720,

roybuck@email.msn.com; Diane Ikeda, USDA Forest Service, Vallejo, CA 94592, dikeda@fs.fed.us; Graduate

Student Representatives: Abby Moore, Jepson Herbarium, University of California, Berkeley, CA 94720, ajmoore@

herkeley.edu.Webmasters: Curtis Clark, Biological Sciences Department, California State Polytechnic University,

Pomona, CA 9 1 768-4032, jcclark@csupomona.edu.

@ This paper meets the requirements of ANSI/NISO Z39.48-1992 (Permanence of Paper).



Madrono, Vol. 55, No. 1, pp. 1-14, 2008

VASCULAR FLORA OF THE LOWER SAN FRANCISCO VOLCANIC FIELD,
COCONINO COUNTY, ARIZONA

Kyle Christie
Deaver Herbarium, Department of Biological Sciences, Northern Arizona University,

Flagstaff, AZ 86011-5640
kylechristiel @hotmail.com

Abstract

The San Francisco Volcanic Field lies near the southern edge of the Colorado Plateau in north-

central Arizona, and is dominated by an extensive Pinyon-Juniper woodland. During 2004 and 2005, a

lloristic inventory vouchered 487 taxa from 74 families and 268 genera, including eight species

endemic to Arizona. The Asteraceae, Poaceae, Fabaceae, Brassicaceae, and Scrophulariaceae

comprised 51% of the total flora. Eriogotumi, Muhlenbcrgia, Penstemon, Aristida, Astragalus, and
Cryptantha were the best represented genera. Nonnative taxa accounted for ten percent of the total

flora. Cryptantha mmiuui and Siickleya suckleyaua were vouchered as new records for Arizona.

Key Words: Floristics, flora, Pinyon-Juniper woodlands, San Francisco Volcanic Field, volcanic

endemism.

Arizona displays the third highest diversity of

vascular plants in the United States with over

3,500 known taxa; however, it is also the fifth

most "at-risk" state with over 15% of its plant

species at risk of extinction due to rarity or

habitat loss (Stein 2002). While many floristic

inventories document vascular plant diversity

around the state, no vascular plant inventory

exists for the lower San Francisco Volcanic Field

(SFVF), an expansive Pinyon-Juniper woodland
in north-central Arizona (Moore and Cole 2004).

Inventories in adjacent areas have been primarily

restricted to National Park Service units and
scenic landscapes such as deep canyons or

mountain peaks (e.g., McDougall & Haskell

1960; Joyce 1976; Hazen 1978; Schilling 1980;

Kierstead 1981; Gilbert and Licher 2005; Moir
2006). Pinyon-Juniper woodlands have often

been overlooked or ignored during the creation

of inventories, and thus the relatively vast lower
SFVF represents a significant gap in floristic

knowledge.

The SFVF lies at the convergence of several

biotic communities, in the middle of a large

elevational gradient, and at the junction of
several known physiographic and floristic zones;

and was therefore anticipated to have a high
diversity of vascular plants (Brown and Lowe
1980; McLaughlin 1992). Cinder ecosystems
resulting from the recent Sunset Crater volcanic
eruption are also known to host several edaph-
ically-limited, rare, and endemic plants (AGFD
2005a, b, c).

The distributions of Pinyon-Juniper wood-
lands, and potentially the understory species

associated with this community type, have varied
historically with changing climate variables (Be-
tancourt et al. 1990). Shifts in vegetation

distributions due to global climate change,

especially in seiniarid environments and at

ecotones, are a definite possibility in upcoming
years (Allen and Breshears 1998). The ecophysio-

graphic nature of the lower SFVF (it encompass-
es a woodland community in a semi-arid climate,

and has a widespread ecotonal component) lends

greater urgency to a floristic assessment of the

area. The findings from this study will provide a

benchmark of local floristic diversity and serve as

a basis for future comparisons.

Study Area

The SFVF lies near the southern edge of the

Colorado Plateau physiographic province in

north-central Arizona; south-central Coconino
County (Bailey et al. 1994; Bailey 1998). The
lower SFVF, and synonymously the study area,

was defined as the contiguous Pinus edulisi

Jimiperus monosperma dominated portion of the

SFVF. It is elevationally bound by montane
coniferous forests above and grasslands below
(Brown and Lowe 1980). Inclusions of other

vegetation on north-facing slopes, drainages,

canyons, or unusual microsites were also included

as part of the study area.

The study area lies between 35 10'47" and
35"41'30" latitude and between -111 213" and
— 1 12 10' 12" longitude, and encompasses approx-

imately 1134 km- (Fig. 1). Elevations range from
1700 to 2400 m; however, approximately 84% of

the study area falls between 1829 and 2134 m.
Roughly 73% of the study area lies within the

Coconino and Kaibab National Forests, while

the remainder occurs on essentially undeveloped
private (16%) and State (11%) land. Approxi-
mately 70 widely-spaced cinder cones dot the
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otherwise flat plateau of the lower SFVF. The
study area lacks major river systems, bodies of
water or streams, and perennial water is essen-

tially absent. Biotic communities are solely

restricted to Great Basin Conifer Woodlands
with several small inclusions of Petran Montane
Conifer Forests and Desert Grasslands at anom-
alous sites (Brown and Lowe 1980). The SFVF
sits near the junction of the Colorado Plateau and
Apachian floristic areas (McLaughlin 1989).

The lower SFVF has a semi-arid climate and
receives approximately 38 cm of precipitation

annually; however, precipitation can vary dra-

matically, often ranging between 25 and 65 cm
from year to year (Bailey et al. 1994; Bailey 1998;

WRCC 2005). Precipitation is bi-modal, as very

dry late springs and early summers punctuate
winter and monsoonal moisture. Approximately
50% of the annual precipitation comes from
summer monsoons. The winter of 2004-2005
received 200% of the historical precipitation

average, while the spring of 2005 was 140%
wetter than normal. Summer rains of 2005
brought 75% of the historical precipitation

average (WRCC 2005).

The SFVF was created by at least seven major
eruptive events, and is one of the major basaltic

volcanic fields of the Colorado Plateau (Cooley
1962; Tanaka et al. 1986). It includes over 600
Pliocene, Pleistocene, and Holocene volcanic

vents, volcanoes, and cinder cones, and their

associated sheet deposits and lava flows (Tanaka
et al. 1986). Local basaltic volcanism began
roughly six millions yrs ago and has occurred

continuously for the past three million yrs

(Moore et al. 1976). Paleomagnetic data, Potas-

sium-Argon dating, and thorough field mapping,
suggest that substrates of the SFVF range from
less than one-thousand yrs old at the eastern edge
of the volcanic field to over six-million yrs old at

the southwestern edge of the volcanic field, only

100 km away (Tanaka et al. 1986; Moore and
Wolfe 1987; Wolfe et al. 1987)

Due to its volcanic history, igneous rocks and
their associated soils are the dominant substrates

of the SFVF. Basaltic rocks, cinders, and lava

from the Holocene to Middle PHocene cover

about 80% of the of the study area. Quaternary
alluviums (3.5%), Holocene to Middle Pliocene

rhyolites and andesites (3%), Pleistocene alluvi-

ums (2%), and Permian sandstone and limestone

(11%) comprise the additional surficial geology

(Richard et al. 2000).

Methods

Vascular plants were collected for 55 d (ca.

400 hr) between March and October of 2004 and
2005. An effort was made to collect every taxon,

as well as to collect from the entire geographic

and habitat range of the study area. Special effort

was made to target areas and habitats that

harbored greater diversity or locally unusual

taxa. Voucher collections included plant descrip-

tions, habitat descriptions, locality descriptions,

and lists of associated species. UTM coordinates

and elevations were taken from a Garmin eTrex

Legend GPS unit (Garmin International; Olathe,
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Table \. Taxonomic Composition of the Lower San Francisco Volcanic Field.

Divisions and Classes Families Genera Species Infraspecific taxa Total Taxa

Polypodiophyta 2 3 3 0 3

Pinophyta 6

Pinopsida 2 2 5 0 5

Gnetopsida 1 1 0 1

Magnoliophyta 478

Magnoliopsida 57 212 372 6 378

Liliopsida 12 50 98 2 100

Totals 74 268 479 8 487

KS). Voucher specimens were pressed, dried,

mounted, and deposited in the Deaver Herbari-

um (ASC) at Northern Arizona University

following typical protocols (Weber 1976). Spec-

imens were identified primarily using the Inter-

mountain Flora (Cronquist et al. 1972+), the Flora

of North America (Flora of North America
Editorial Committee 1993+), treatments from
the Manual of Vascular Plants of Arizona as

published in the Journal of the Arizona-Nevada
Academy of Science (Vascular Plants of Arizona
Editorial Committee 1992+), and Seed Plants of
Northern Arizona (McDougall 1973). All nomen-
clature follows the USDA PLANTS database

(USDA 2005).

Digital searches of the ASC, ASU, ARIZ,
DBG, and NAVA herbaria based upon all of the

place names within the study area (gleaned from
United States Geological Survey 7.5' Quadrangle
maps) were conducted via the Southwestern
Environmental Information Network's query
tools (SEINet 2005). A geographical extraction

based upon georeferenced specimens from the

ASU and ARIZ herbaria was also conducted.

Various species richness estimates for the study

area were determined in an attempt to access the

completeness of the inventory. Nonparametric
estimators, functional extrapolation, and predic-

tive regressions were used due to ease of
implementation and compatibility with previous-

ly gathered data. Species occurrences in twenty
randomly selected 0.25 Ha plots were used to

input the statistical models. Loiigino et al. (2002)

provide a discussion of the merits of various

species richness estimation techniques.

Results

A total of 873 plant collections were made
during two field seasons, representing 456 distinct

taxa. Herbaria searches revealed an additional 31

taxa, thus the inventory identified 487 taxa from
the lower SFVF. This inventory vouchered 313
previously uncollected taxa, representing a 280%
increase in the documented flora of the lower
SFVF. Seventeen taxa represented by historical

collections were not encountered in the field

during this survey. (These taxa are indicated by
an abundance classification of "0" in Appen-

dix A.) This absence may suggest that these

species are locally uncommon; as approximately
one-third reach the extent of their ranges near the

SFVF, and another one-third lack much suitable

habitat in the SFVF. On average it has been
25 yrs since one of these species was collected

from the SFVF, perhaps because these species

simply no longer occur or have decreased in

abundance locally. Fourteen additional common
taxa were encountered in the field but were not

collected due to documentation by extant her-

barium collections. These taxa are indicated with

a pound sign (#) in Appendix A. The annotated
catalog gives the scientific name, life form,

abundance, habitat, and a list of voucher
collections for each vascular plant of the lower

SFVF (Appendix A).

Seventy-four (74) families, 268 genera, 479
species, and 8 infraspecific taxa were vouchered
from within the study area (Table 1). The
Asteraceae (97 taxa), Poaceae (76 taxa), Fabaceae

(33 taxa), Brassicaceae (22 taxa), Scrophularia-

ceae (20 taxa), and Polygonaceae (18 taxa) were
the best represented families. The five most
species-rich families comprised approximately
51% of the flora, while 28 families were
represented by a single taxon. Eriogonum (12

taxa), Muhlenhergia (10 taxa), Bronms (8 taxa),

Penstemon (8 taxa), Aristida (7 taxa), and
Astragalus (7 taxa) were the best represented

genera. Perennial and annual herbs accounted for

79% of the total flora; while trees, biennial herbs,

and annual graminoids accounted for only 12%.

A total of 49 non-native plant species com-
prised 10% of the total flora. The Poaceae (12

taxa), Asteraceae (9 taxa), Brassicaceae (5 taxa),

Chenopodiaceae (3 taxa), and Fabaceae (3 taxa)

represented the most common non-native fami-

lies. Non-native species were most commonly
annual (54%) or perennial herbs (25%). This

inventory vouchered 38 new non-native taxa

from the lower SFVF. Populus alha was the only

escaped horticultural species that was discovered.

Salsola tragus, Marrubium vulgare, Bromus tec-

torum, and Thinopyrum intermedium seemed to be

the most widespread non-natives; while Carduus
nutans, Centaurea diffusa, and Sisymbrium altis-

simum seemed to have the highest potential for

displacing native vegetation.
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Table 2. Overall Species Richness Estimations. * - functional extrapolation technique.

TecliniQue Species Estimate IvClClCllCC lUl 1 CCllIllCJUC

1st order Jackknife 258 Smith & van Belle 1984

2nd order Jacknife 288 Palmer 1991

ICE (incidence-based coverage estimator) 250 Chazdon et al. 1998, Chao et al. 2000
Chao I upper 95% C.I. 304 Chao 1987

Chao II upper 95% C.I. 299 Chao 1987

Bootstrap 226 Smith & van Belle 1984

Michaelis-Menten Function* (means) 257 Colwell et al. 2004

Cryptantha minima and Suckleya suckleyana

represent new records for Arizona (Christie

2006), while collections of Peteria scoparia and
Pcmicum mohavense represent new records for

Coconino County.
This inventory vouchered seven species which

are endemic to Coconino and adjacent counties

{Penstemon c/iitei, Mentzelia collomiae, Phemer-
anthus validulus, Chrysothamnus molestus. Phlox
amabilis, Lotus mearnsii var. mearnsi, and Ivesia

mu/tifo/iolata); and Rorippa microtitis which is

endemic to Arizona. Phacelia serrata, and Ca-
missonia gouldii are nearly endemic to Arizona,

but also occur in similar barren cinder habitats in

New Mexico and Utah, respectively.

Overall species richness estimates suggest that

approximately 250-300 species of vascular plants

occur within the lower SFVF (Table 2).

Discussion

The underestimation of actual species richness

of the lower SFVF by several techniques (Ta-

ble 2) probably results from habitat patchiness,

and illustrates some of the differences in habitat

dynamics between the Southwest and Eastern

hardwood forests (where several of the richness

estimate techniques originated). While the land-

scape of the lower SFVF is quite homogeneous as

a whole, small landscape anomalies host dispro-

portionate numbers of plant species. For exam-
ple, a single small spring or wetland encompasses
an infinitesimal portion of the study area, but (as

with Law's Natural Tank in the case of this

inventory) might host 10 species (or 2% of the

total flora) found nowhere else within the study

area. While 20 sample plots used for the richness

estimation analysis were randomly selected, the

vast majority occurred on flat, open slopes and
represented the most homogeneous portions of

the local landscape. Statistically-driven tech-

niques seemed to estimate the overall species

richness fairly accurately for the homogeneous
portions of the landscape, however as a result of

habitat patchiness and random plot selection,

they failed to take into account localized habitats

of high plant diversity.

Another approach to estimating the complete-

ness of a flora is to apply one's data to a

regression based upon similar checklists. In

western floras, species diversity is strongly

positively-correlated with the elevational range
of a study area. Greater ranges of elevation host a

wider degree of precipitation and temperature
regimes, as well as greater topographic heteroge-

neity, and thus a greater variety of habitats and
microhabitats (Bowers and McLaughlin 1996).

Using the findings from 24 floras from Arizona
and New Mexico, Bowers and McLaughlin
(1996) regressed the number of native species

found within an area by its elevational range and
created a predictive tool for estimating inventory

completeness in the Southwest. The lower SFVF
has an elevational range of approximately 700 m
(although over 85% of the study area actually

occurs within a 350 m range), and based on the

predictive tool of Bowers and McLaughlin (1996)

is expected to harbor roughly 450 native plant

species. This inventory vouchered 440 native

plant taxa, which is over 95% of the 450 taxa

expected. Areas with a high diversity of commu-
nity types, canyon environments, permanent
water, and a high degree of topographic rough-

ness typically harbor additional plant species

than the regression would indicate, while more
homogeneous areas typically harbor fewer species

(Bowers and McLaughlin 1982; Bennet and
Kunzmann 1992; Bowers and McLaughlin
1996). This again suggests the floristic inventory

of the lower SFVF is relatively complete as it has

a single community type, lacks any major canyon
environments or permanent water, and displays a

high level of topographic homogeneity.

The most emblematic species of the lower

SFVF, Phacelia serrata, Camissonia gouldii,

Penstemon clutei, and Mentzelia collomiae, are

soil endemics that inhabit barren cinder ecosys-

tems mostly associated with the Sunset Crater

eruption. The eruption of Sunset Crater roughly

900 yrs ago has left a barren, moon-like land-
;

scape devoid of much vegetation or any true soil
]

(Wolfe et al. 1983). Little research has been done
on the evolutionary history of these species, but

environmental stochasticity followed by subse-

quent speciation events provides a likely hypoth-

esis for their origin. Restrictive structural com-
ponents of the cinders and the associated lack of

competition, as opposed to nuances of soil
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chemistry, seem to influence local endemism in

the lower SFVF (see Kelso et al. 2003).

Phacelia serrata and C. gouldii are annuals that

germinate after summer rains. Precipitation

patterns and the presence of somewhat undis-

turbed, large expanses of fine-textured, barren

cinders seem to influence population dynamics.

Populations of both species are fairly common
within a restricted local range and are seemingly

secure. A cursory comparison of Arizona mate-

rial of C. gouldii to Utah material, suggests

subspecific variation between the geographically

separated populations and warrants further

inquiry.

P. clutei, a perennial species, occurs in similar

habitats of fine-to-medium textured barren black

cinders, and seemingly disturbance and fire

regimes influence population dynamics (AGFD
2005b). Unchecked off-road-vehicle traffic poses

the greatest threats to populations of these

species. The narrowly restricted M. collomiae is

perhaps the most fascinating of the local endem-
ics. It occurs only within the lower SFVF and
populations are uncommon, sporadic, and con-

sist of only several plants. The plant was only

recently described, is under-researched, and
seems to be untracked by conservation agencies

(Christy 1997; see NatureServe 2005). It inhabits

medium to coarse-textured, oxidized red cinders,

on moderate to steep sloughing slopes, in the

vicinity of Red Mountain and Sunset Crater.

Although the species was described as an annual,

it is seemingly a biennial with a stout taproot,

which often diverges at right angles from the

stem. This taproot confers a degree of stability to

the plant, on the shifting, sloughing slopes which
preclude the establishment of other species. This

unique plant certainly deserves additional re-

search and monitoring. The presence of appro-

priate habitat seems to be the primary limitation

to the health and distribution of the species, and
no human impacts on the populations were
observed.

In addition to the volcanic endemics, Phemer-
anthus validulus and Panicum mohavense were
found on a single limestone bench at the northern

edge of the SFVF. Phemeranthus validulus is

intolerant of competition but can inhabit a

variety of substrates. While populations are

known from Yavapai and Coconino counties,

the collection from this inventory represents a

new, intermediate locality for the plant (AGFD
2005d). Only several plants were seen, and this

species is seemingly very uncommon locally. The
critically imperiled (Gl/Sl) P. mohavense was
previously known only from Mohave Co., AZ,
and from a single small population in Socorro
Co., NM that has not been relocated in over
15 yrs (NatureServe 2005; NMRPTC 2005). This
species is a diminutive annual, and active grazing
within its narrow local habitat could threaten the

species. Chrysothamnus molestus. Phlox amahilis,

and Lotus mearnsii var. mearnsii are also endemic
to northern Arizona. These species grow in a

variety of soil types and habitats throughout a

several-county range, and seem somewhat toler-

ant of competition. They occur at lower eleva-

tions within the SFVF, and perhaps can only

persist in somewhat xeric climatic regimes.

Potentially this group of endemics represents a

relictual component of a past flora. C. molestus

occurs on the northern edge of the volcanic field

in shrub-dominated openings of the surrounding

woodlands. Some synergistic quaHties of open,

low-lying habitats within Pinyon-Juniper wood-
lands seem to influence its distribution. P.

amabilis occurs primarily on the western side of

the volcanic field in fine-textured clay soils with

some interspersed rock. This perennial flowers

very early in the season, perhaps as a temporally-

based strategy to cope with infraspecific compe-
tition. Within the study area, the high levels of

early season soil moisture associated with clay-

based soils, combined with the structural nuances

of shallow rocky soil, seem to influence the

distribution of P. amabilis. L. mearnsii var.

mearnsii prefers fine-textured to sandy soils on
flat, open slopes. It occurs, mostly singly or in

small groups, in small patches of open soil at

lower elevations. It is unclear what influences the

distribution of this species, however the minimal
sizes of populations suggest specific recruitment

or pollination requirements.

Ivesia multifoliolata and Rorippa micro titis,

also Arizona endemics, are found in wet habitats

within the lower SFVF. These species are

typically found in either higher or wetter areas.

/. multifoliolata grows in rocky drainage bottoms,

while R. microtias prefers moist or wet soils near

ponds, fields, or meadows. These species seem
secure regionally, albeit quite restricted within the

lower SFVF.

Conclusion

This inventory has contributed significantly to

the floristic knowledge of the San Francisco

Volcanic Field by vouchering 313 new records

from the study area, and through the contribu-

tion of 873 collections to the Deaver Herbarium.

These collections provide both a snapshot of the

flora at a time of potentially intensified climate

change, and also support future botanical and
ecological research. This inventory gathered

crucial data on the area's rare and endemic
plants, which will hopefully to be used in

conservation decisions by management agencies.

This flora, in conjunction with the flora of the

higher elevation San Francisco Peaks (Moir

2006), documents a remarkable hotspot of plant

diversity in Arizona. The greater San Francisco

Volcanic Field encompasses only about 0.5% of
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the state's area, but hosts almost 30% of its

vascular plant species.
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Appendix A

Annotated Checklist of the Vascular Plants of
the Lower San Francisco Volcanic Field

Species are arranged first by division and class, then

alphabetically by family, genus, species, and infraspe-

cific rank. Nomenclature, author names, nativity status,

and life form descriptions follow the United States

Department of Agriculture PLANTS database (USDA
2005). Life form descriptions include: annual (A),

biennial (B), perennial (P), shrub (S), and tree (T).

Abundance classifications and habitat descriptions are

subjective observations and pertain only to the lower

SFVF. The abundance classifications: dominant or co-

dominant (1), frequent (2), occasional (3), infrequent

(4), very infrequent (5), and unseen, but previously

vouchered from within the study area (0), follow Palmer
et al. (1995). Habitat descriptions include: barren soil

(BS), barren black cinders (BBC), canyons (CA), cinders

(CI), cliffs (CL), cindery soil (CS), disturbed areas (DA),

ditches (DI), drainages (DR), flat open slopes (EOS),

fine-textured soil (FTS), high elevations (HE), low
elevations (LE), mesic areas (MA), north-facing slopes

(NFS), rocky areas (RA) roadsides (RO), sandy areas

(SA), steep slopes (SS), sedimentary soils (SSO), tanks

(TA), ubiquitous (UB), various habitats (VH), and wet

areas (WA). All specimens were collected by the author,

and are deposited at the Deaver Herbarium (ASC)
unless otherwise noted. Taxon entries include: an

asterisk (*) to indicate non-native, a pound sign (#) to

indicate documentation from a previous herbarium

collection, scientific name with authority, life form
code, abundance code, general habitat descriptions,

pertinent notes, and a list of voucher collections.

Pteridophyta

Dryopteridaceae

Woodsia oregana D.C. Eat. ssp. cathcartiana (B.L.

Robins.) Windham - P; 5; CL, NFS, RA; 1228.

Pteridaceae

Cheilanthes feei T. Moore - P; 4; CL; 357.

Pellaea wrightiaua Hook. - P; 5; CL; 725.

PiNOPHYTA - PiNOPSIDA

Cupressaceae

Jimiperus deppecma Steud. - T; 4; CSL; 1259.

Juniperus monosperma (Engelm.) Sarg. - T; 1; UB;
512, 530, 1204, 1308, 1322.

Pinaceae

# Pinus edulis Engelm. - T; 1; UB; M. Porter 11.
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Pinus ponderosa P.& C. Lawson var. scopulorwn

Engelm. - T; 3; CA, NFS, HE; 987.

Pseudotsiiga menziesii (Mirbel) Franco var. glauca

(Beissn.) Franco - T; 5; NFS, CA; 599.

PiNOPHYTA - GnETOPSIDA

Ephedraceae

Ephedra viridis Coville - S; 3; BBC, 614.

Magnoliophyta - Magnoliopsida

Aceraceae

Acer negimdo L. var. iuteriiis (Britt.) Sarg. - T; 5; CA,
MA; 1264B.

Amaranthaceae
Amarcmthus albus L. - A; 3; DA, FOS; 1073, 1261.

Arnarcmthus powellii S. Wats. - A; 2; DA, CLS; 761,

1038, 1233.

* Amarcmthus retroflexiis L. - A; 3; DA, CLS; 888.

Aiuaraiithus torrevi (Gray) Benth. ex S. Wats. - A; 3;

VH, CLS; 1146, 1202B, 1210.

Anacardiaceae

* Rhus trUohata Nutt. var. trUobata - S; 3; FOS, DR,
RA; H.C. Sanchez 36.

Toxicodendron rvdbergii (Small ex Rydb.) Greene - P;

4; MA, RA, CA; 977.

Apiaceae

Cvniopterus purpurascens (Gray) M.E. Jones - P; 3;

FTS, FOS; 513, 597.

Loniathmi foeniculaceum (Nutt.) Coult. & Rose ssp.

nuicdoualii (Coult. & Rose) Theobald - P; 3; FTS, RA,
FOS; 572, 647.

Lomathun nevadense (S. Wats.) Coult. & Rose var.

parishii (Coult. & Rose) Jepson - P; 3; FTS, RA; 551,

576, 712.

Apocynaceae

Apocynuni cannabinuni L. - P; 4; DR; 783, 1245.

Asclepiadaceae

Asclepias asperula (Dene.) Woods, ssp. asperula - P;

4; VH, RA, DR; 643.

Asclepias engehnanniana Woods. - P; 4; DR, RA; 777.

Asclepias involucrata Engelm. ex Torr. - P; 5; FOS,
FTS, LE; 730.

Asclepias latifolia (Torr.) Raf. - P; 4; VH, BBC, LE;
1293.

Asclepias subverticUlata (Gray) Vail - P; 2; VH, RO;
480, 1132.

Asteraceae

Achillea millefolium L. var. occidentahs DC. - P; 4;

MA, DR; 1114.

Acourtia wrightii (Gray) Reveal & King - P; 5; RA,
LE; 1176.

Ageratina herbacea (Gray) King & H.E. Robins. - P;

3; DR, NFS; 934, 1181.

Agoseris glauca (Pursh) Raf. var. laciniata (D.C. Eat.)

Smiley - P;^3; FTS, FOS; 546, 575.

Ambrosia acanthicarpa Hook. - A; 2; RO, DA; 1039,

1067, 1318.

Ambrosia psilostachya DC. - P; 3; DR, DI; 1 142.

Ambrosia tomentosa Nutt. - P; 4; FTS, DI, RO; 1077.

Antennaria rosulata Rydb. - P; 4; HE; 1260.

* Artemisia biennis Willd. var. biennis - B; 5; WA;
1236.

Artemisia bigelovii Gray - S; 0; FOS, LE; H.C.
Sanchez 42.

Artemisia campestris L. ssp. borealis (Pallas) Hall &
Clements var. scouleriana (Hook.) Cronq. - P; 3; FOS,
CS; 896, 1206.

Artemisia carruthii Wood ex Carruth. - P; 2; UB; 507,

920, 944, 1000, 1321.

* Artemisia dracunculus L. - P; 2; VH; S.P.

McLaughlin 2294 (ASU).
Artemisia frigida Willd. - P; 3; VH; 952.

Artemisia ludoviciana Nutt. ssp. ludoviciana - P; 4;

DR, CA, NFS; 936.

Artemisia tridentata Nutt. ssp. tridentata - S; 4; RO;
1024, 1098.

Baccharis pteronioides DC. - S; 5; RA, CA, DR; 343.

Bahia dissecta (Gray) Britt. -B; 2; CSL; 1314.

Bidens heterosperma Gray - A; 4; CL RO; 872, 1101.

Brickellia californica (Torr. & Gray) Gray var.

californica - S; 1; BBC, CA; 1165.

Brickellia eupatorioides (L.) Shinners var. chlorolepis

(Woot. & Standi.) B.L. Turner - P; 3; VH, RA; 1092.

Brickellia grandiflora (Hook.) Nutt. - P; 4; NFS, DR;
1186.

Brickellia oblongifolia Nutt. var. linifolia (D.C. Eat.)

B.L. Robins. - S; 4; CI, LE; 394, 623.

* Carduus nutans L. - P; 5; DA, WA; 699.

* Centaurea diffusa Lam. - P; 3; DA, RO; 958.

Cliaetopappa ericoides (Torr.) Nesom - P; 2; VH; 329,

379, 569, 667.

Chrysothamnus depressus Nutt. - S; 3; RA, FOS; 931,

997.

Chrysothamnus nu)lestus (Blake) L.C. Anders. - S; 4;

FOS, SSO, N. AZ endemic; 1151, 1310, 1312.

Cirsium arizonicum (Gray) Petrak - P; 4; CA, RA;
780.

Cirsium calcareum (M.E. Jones) Woot. & Standi. - P;

3; RO, CI; 481, 658.

Cirsium neomexicanum Gray var. neomexicanum - P;

3; VH; 737, 858.

Cirsium ochrocentrum Gray -P; 3; DI, RO, DR.; 490,

810, 839, 859.

Cirsium undulatum (Nutt.) Spreng. var. undulatum -

P; 3; CSL, DR, RO; 669, 884, 930, 1297.

* Cirsium vulgare (Savi) Ten. - B; 4; DA; 1093, 1307.

Cirsium yvheeleri (Gray) Petrak -P; 3; HE, DR; 879,

927, 1078.

Conyza canadensis (L.) Cronq. var. glabrata (Gray)

Cronq. - A; 4; DA, RO; 922.

Coreopsis tinctoria Nutt. var. atkinsoniana (Dougl. ex

Lindl.) H.M. Parker ex E.B. Sm. - A; 5; WA; 1196.

Dyssodia papposa (Vent.) A.S. Hitchc. - A; 5; SSO,
LE; 1299.

Ericameria nauseosa (Pallas ex Pursh) Nesom &
Baird ssp. consimilis (Greene) Nesom & Baird - S; 1;

UB, FOS; 1040, 1178, 1232.

Ericameria nauseosa (Pallas ex Pursh) Nesom &
Baird ssp. nauseosa - S; 1; UB, FOS; 1138, 1168.

Erigeron hellidiastrum Nutt. var. bellidiastrum - A; 4;

CA, RA; 837.

Erigeron canus Gray - P; 5; FOS, HE; 805.

Erigeron coloniexicanus Gray - B; 2; RA; 345, 674.

Erigeron concinnus (Hook. & Arn.) Torr. & Gray var.

concinnus - P; 4; FOS, FTS, SSO, LE; 745, 1303, 1309.

Erigeron divergens Torr. & Gray - B; 2; VH; 331, 571.

Erigeron oreophilus Greenm. - P; 4; RA, CA; 849.

Gaillardia pinnatifida Torr. var. pinnatifida - P; 3;

FOS, CSL; 397, 509, 866, 943.

Gnaphalium exilifolium A. Nels. - A; 4; WA; 1123,

1 191, 1280.
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Grindelia uucki Wood var. aphanactis (Rydb.) Nesom
- P; 3; EOS, RO; 1099.

Grindelia squarrosa (Pursh) Dunal var. scrrulata

(Rydb.) Steyermark - P; 0; RO, LE; S.P. McLaughlin
6475 (ARIZ).

Gutierrczia sarotlmie (Pursh) Britt. & Rusby - S; 1;

UB, EOS; 1037.

Helicmthus aumms L. - A; 3; RO, DS; 873, 1036.

Heliauthus ciliahs DC. - P; 3; TA, RA; 648, 1080.

Heliauthiis petiolaris Nutt. ssp. fcdlax Heiser - A; 3;

RO, DA; 863, 1313.

Heliomeris longifolia (Robins. & Greenm.) Cockerell

var. cmuua (M.E. Jones) Yates - A; 1; EOS; 1054, 938.

Heterosperma pinmitimi Cav. - A; 4; CI, DI; 1109,

1211, 1250.

Heterotheca villosa (Pursh) Shinners - P; 4; DR, HE;
965.

Hieraciimi fendleri Schultz-Bip. var. fendleri - P; 4;

CS, HE; 1 107.

Hymenopappus filifolius Hook. var. /ugcns (Greene)

Jepson - P; 3; CS, DR, EOS; 332, 670.

Hymenothrix loomisii Blake - A; 4; RO; 1129.

* HyiuenoxYs richardsonii (Hook.) Cockerell - P; 2;

EOS, ETS; J. Bandoli s.u.

* Lactuca serriola L. -A; 3; EOS, ETS; 924, 998.

Laennecia scJuedeami (Less.) Nesom - A; 3; RA, DA;
932.

Laennecia sophiifolia (Kunth) Nesom - A; 5; RA, CL;
1126.

Layia glandidosa (Hook.) Hook. & Arn. - A; 3; EOS;
579, 660.

Machaeranthera canescens (Pursh) Gray ssp. canes-

cens - B; 2; VH; 386, 870, 1130.

Machaeranthera canescens (Pursh) Gray ssp. glabra

(Gray) B.L. Turner - P; 0; EOS, CS; H.D. Hammond
11804, 11805.

Machaeranthera gracilis (Null.) Shinners - A; 3; EOS,
LE; 510, 940.

Machaeranthera tanaceti/o/ia (Kunth) Nees - B; 3;

VH; 1004, 1147.

Malacothrix torreyi Gray - A; 3; EOS, LE; 407, 587.
* Onopordum accinthiwn L. - B; 4; DA, RO; 939.

Packera nndtilohata (Torr. & Gray ex Gray) W.A.
Weber & A. L5ve - P; 3; VH, CS; 685.

Pericome caiidata Gray -S; 3; CA, RA, BBC; 950.

PseudognaphaUlun canescens (DC.) W.A. Weber ssp.

canescens - B; 4; RA, CL; 1127.

Psilostrophe cooperi (Gray) Greene - P; 0; EOS, LE;
J.M. Rominger s.n.

Psilostrophe sparsiflora (Gray) A. Nels. - P; 3; CSL;
386, 620.

Ratihida colwnnifera (Nutt.) Woot. & Standi. - P; 4;

RO; 689.

Sanvitalia abertii Gray - A; 3; EOS, BS; 1059.

Schkuhria multiflora Hook. & Arn. - A; 4; SA, DR;
948, 1266.

Senecio flaccidus Less. var. flaccidus - P; 3; EOS, CS;
619.

* Senecio spartioides Torr. & Gray var. multi-

capitatus (Greenm. ex Rydb.) Welsh - P; 4; EOS, CS;
J. Bandoli s.n.

Senecio spartioides Torr. & Gray var. spartioides - P;

3; EOS, CS; 941, 1169.

Solidago canadensis L. var. ^ilvocane.scens Rydb. - P;

4; SS, DR, HE; 1185.

Solidago velutina DC. - P; 3; RA, DR; 929, 968, 1 104.
* Sonchus asper (L.) Hill - A; 4; DA, WA; 697.

Stephanonieria pauciflora (Torr.) A. Nels. - P; 2; EOS,
CS; 391, 488, 625, 821, 1053.

Stephanonieria spinosa (Nutt.) S. Tomb - P; 3; EOS,
CS; 499, 1075.

Stephanonieria thurberi Gray - P; 4; EOS; 823.

Taraxacum officinale G.H. Weber ex Wiggers - A;

4; DA; J.M. Rominger 2015.

Tetradyniia canescens DC. - S; 2; EOS, CSL; 504.

Tetraneuris acaulis (Pursh) Greene var. arizonica

(Greene) Parker - P; 4; SSO, RA; 338, 634, 833.

Thelespernia subniidwn Gray var. suhnudinn - P; 5;

SSO, LE; 842.

Townsendia incana Nutt. - A; 3; EOS; 385, 528, 744,

983, 1152.

* Tragopogon dubins Scop. - A; 4; DA, RO; 757.

Verbesina enceUoides (Cav.) Benth. & Hook. f. ex

Gray ssp. exauriculata (Robins. & Greenm.) J.R.

Coleman - A; 3; DA, RO; 828, 986.

Xanthium strunmrium L. var. canadense - A; 4; RA,
MA, DR, DI; 1128, 1143.

Zinnia grandiflora Nutt. - P; 3; EOS, LE; 383, 830.

Berberidaceae

Mahonia fremontii (Torr.) Eedde - S; 2; VH, EOS;
409.

Mahojiia haematocarpa (Woot.) Eedde - S; 0; EOS,
RA; R.E. Bodley s.n.

Mahonia repens (Lindl.) G. Don - S; 4; DR, MA,
NES; 835.

Boraginaceae

Cryptantha cinerea (Greene) Cronq. var. cinerea - P;

3; EOS, CS; 484, 663, 729.

* Cryptantha cinerea (Greene) Cronq. var. faniesii

Cronq. - P; 3; EOS, CS; H.D. Hammond 1 1
100,' 12028.

Cryptantha fendleri (Gray) Greene - A; 2; CS; 502,

959, 1026, 1319, 1205.

Cryptantha gracilis Osterhout - A; 4; CSL; 584.

Cryptantha minima Rydb. - A; 5; EOS, ETS; new AZ
record; 641.

Cryptantha pterocarya (Torr.) Greene var. pterocarya
- A; 3; CL LE; 566, 585, 611.

Cryptantha setosissima (Gray) Payson -P; 4; EOS,
HE, DR; 803.

Lappula occidentalis (S. Wats.) Greene var. cupulata

(Gray) Higgins - A; 3; DA, EOS; 341, 601, 664.

Lappula occidentalis (S. Wats.) Greene var. occiden-

talis - A; 3; DA, EOS; 561.

Lithospermum incisum Lehm. - P; 2; EOS, CS; 359,

570, 590.

* Lithospermum multiflorum Torr. ex Gray - P; 4;

EOS, DR, RA; M.L. Carson 19.

Tiquilia nuttallii (Hook.) A. Richards. - A; 3; BBC,
LE; 605, 919, 982.

Brassicaceae
* Alyssum minus (L.) Rothm. var. micranthum (C.A.

Mey.) Dudley - A; 4; DA, RO; 754, 854.

Arabis feiulleri (S. Wats.) Greene var. fendleri - P; 3;

RA, CA;'550, 893.

Arabis gracilipes Greene - P; 4; RA, ETS; 577.

Arabis perennans S. Wats. - P; 3; CSL, SS, CS; 537,

563, 596, 753.

* Camelina microcarpa DC. - A; 5; DA, RO; 853.

Descurainia obtusa (Greene) O.E. Schulz ssp. adeno-

phora (Woot. & Standi.) Detling - A; 3; VH, CS; 857.

Descurainia pinna ta (Walt.) Britt. - A; 2; VH, CS; 526,

559, 739, 747, 759.

* Descurainia sophia (L.) Webb ex Prantl - A; 4; EOS;
406, 552.
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Draba ciineifolia Nutt. ex Torr. & Gray var. cuneifolia

- A; 3; FOS, LE; 515, 535, 553.

Ervsinium capitatum (Dougl. ex Hook.) Greene var.

pursiiii (Dur.) Rollins - P; 5; FOS; 1012.

* Erysimum repandum L. - A; 5; TA, FTS; 401.

Lepidium densiflorum Schrad. var. densifJorum - A; 5;

DA; 755.

Lepidium montcmum Nutt. var. montanum - P; 3;

FOS, FTS; 479, 841, 1047, 1058.

LesquereUa intermedia (S. Wats.) Heller - P; 3; SSO;
339, 633.

LesquereUa rectipes Woot. & Standi. - P; 5; FOS,
FTS; 1061.

Physaria newherryi Gray - P; 4; BBC; 533, 568.

Rorippa microtitis (B.L. Robins.) Rollins - A; 4; WA,
TA; AZ endemic; 1121, 1156.

Rorippa sphaeroearpa (Gray) Britt. - A; 4; WA, TA;
1243, 1281.

Sehoenocrambe linearifolia (Gray) Rollins - P; 3; CS,
CI; 482, 487, 506.

* Sisymbrium altissimum L. - B; 3; FOS, CS, DA; 586,

602.

Thelvpodium wrightii Gray ssp. wrightii - B; 4; CA,
RA, Ci, NFS; 937, 1298.

* Thkispi montanum L. var. montanum - P; 5; HE; M.
Porter 13.

Cactaceae

Eehinocereus fendleri (Engelm.) F. Seitz - P; 3; FOS;
688, 746.

Escobaria vivipara (Nutt.) Buxbaum var. arizonica

(Engelm.) D.R. Hunt - P; 4; RA, FOS; 806.

Opuntia fragilis (Nutt.) Haw. - P; 5; FOS, FTS; 1050.

Opuntia macrorhiza Engelm. - S; 3; FOS,GA, SA,
FTS; 692, 740, 832.

Opuntia phaeacantha Engelm. - S; 0; FOS, LE; J.

Bandoli s.n.

Opuntia whipplei Engelm. & Bigelow - S; 2; UB; 609,

827.

Callitrichaceae

Callitriche heterophylla Pursh ssp. heterophylla - P; 5;

TA, WA; 715.

Capparaceae
Cleome lutea Hook var. lutea - A; 0; RO, LE; R.J.

Barr 216 (ARIZ).
Cleome serru/ata Pursh - A; 2; RO, DA; 489.

Polanisia dodecandra (L.) DC. ssp. trachysperma

(Torr. & Gray) litis - A; 3; BBC; 372, 1216.

Wislizenia refracta Engelm. ssp. refracta - A; 5; FOS,
LE; 984.

Caprifoliaceae

Svmphoricarpos rotundifolius Gray var. parishii

(Rydb.) Dempster - S; 5; NFS, RA, CA; 344, 836.

Caryophyllaceae

Arenaria eastwoodiae Rydb. var. adenophora Kearney
& Peebles - P; 4; RA, CA; 348, 574.

Arenaria lanuginosa (Michx.) Rohrb. ssp. saxosa

(Gray) Maguire - P; 4; DR, HE; 724, 874, 1230.

Drvmaria glandulosa K. Presl - A; 3; VH, CS; 1096,

1108.

Drvmaria leptophy/la (Cham. & Schlecht.) Fenzl ex

Rohrb. - A; 0; BS, BBC, CM. Christy 1868 (ASU).
Drymaria moUuginea (Lag.) Didr. - A; 3; BS, BBC;

501B', 1184, 1211.

Chenopodiaceae
Atrip/ex canescens (Pursh) Nutt. var. canescens - S; 4;

LE, RA, FOS; 378.
* A triplex rosea L. - A; 3; DA, RO; 1068, 1069, 1070,

1194.

Chenopodium atrovirens Rydb. - A; 4; VH; 1029.

Chenopodium fremontii S. Wats. var. fremontii - A; 2;

UB, CS, DA; 1046, 1085, 1093, 1161, 1183, 1269.

Chenopodium graveolens Willd. - A; 2; CI, BS, CS;
1034.

Chenopodium leptophyllum (Moq.) Nutt. ex S. Wats. -

A; 3; DA, FOS; 942.

Chenopodium neomexicanum Standi, var. neomexica-
num - A; 4; FOS, CS; 1203.

Chenopodium saUnum Standi. - A; 4; TA, RA, FTS;
403, 1264.

Chenopodium watsonii A. Nels. - A; 3; FOS, FTS;
1045, 1072, 1134.

* Kochia scoparia (L.) Schrad. - A; 3; DA, RO; 1234.

Krascheninnikovia lanata (Pursh) A.D.J. Meeuse &
Smit - S; 3; FOS, FTS, LE; 978.

* Salsola tragus L. - A; 3; DA, FOS; 608.

Suckleya suckleyana (Torr.) Rydb. -A; 5; MA, WA,
TA; new AZ record; 1193.

Convolvulaceae
* Convohndus arvensis L. - P; 4; DA, RO; 656.

Ipomoea costeUata Torr. - A; 5; DR, RO; 1 160, 1 180.

Cucurbitaceae

Cucurbita foetidissima Kunth - P; 4; DR, RO; 767.

Cuscutaceae

Cuscuta pentagona Engelm. var. pentagona - A; 5;

parasite on various hosts, LE; 1 190.

Elaeagnaceae
* Ekwagnus angustifoUa L. - T; 5; RO, DI; 1249.

Elatinaceae

Elatine brachysperma Gray - A; 5; WA, TA; 1197.

Euphorbiaceae

Acalypha neomexicana Muell.-Arg. - A; 5; BS, CS;
1255.

Chamaesyce albomarginata (Torr. & Gray) Small - P;

3; FOS, CS, RO; 651, 1179.

Chamaesyce chaetocalyx (Boiss.) Woot. & Standi,

var. chaetocalyx - P; 5; FOS, FTS, LE; 1149.

Chamaesycefendleri (Torr. & Gray) Small - P; 2; VH,
CS; 371, 589, 683, 1090.

Chamaesyce glyptosperma (Engelm.) Small - A; 5;

CSL, RO;921.
Chamaesyce revoluta (Engelm.) Small - A; 3; BBC;

1008, 1097," 1163, 1208.

Chamaesyce serpyllifolia (Pers.) Small ssp. serypllifo-

lia - A; 2; UB, BS, DA; 483, 495, 902, 1084, 1 122, 1 164,

1189, 1231, 1262.

Euphorbia bilobata Engelm. - A, 5, SS, BBC; 1217.

Euphorbia brachycera Engelm. - P; 4; VH, CS, HE;
503.

Tragia ramosa Torr. - P; 3; CSL, CI, RA; 389, 624.

Fabaceae
Astragalus allochrous Gray var. playanus Isely - A; 2;

UB, CS; 337, 392, 560, 610, 666, 1060.

Astragalus brandegeei Porter - P; 4; FTS, RO, DI;

749, 819.

Astragalus calycosus Torr. ex S. Wats. var. scaposus

(Gray) M.E. Jones - P; 4; SSO, LE; 843.

Astragalus humistratus Gray var. humistratus - P; 4;

RA, DR; 826.

Astragalus lentiginosus Dougl. ex Hook. - B; 3; FOS,
LE; 521, 640, 742, 868.

Astragalus mollissimus Torr. var. mogollonicus

(Greene) Barneby - P; 4; FOS, FTS; 736.

Astragalus sabulonum Gray -A; 5; RO, DI, BBC; 630.

Caesalpinia drepanocarpa (Gray) Fisher - P; 5; CS,

FOS, LE; 384.

Dalea albiflora Gray - P; 4; DR, RA; 1 103.
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Dalea Candida Michx. ex Willd. var. oligophylla

(Torr.) Shinners - P; 4; DR, RA; 491.

Dalea leporina (Ait.) Bullock - A; 4; RO, BBC; 760,

995, 1248.

Dalea polygonoides Gray -A; 5; BBC, BS; 1 158, 1212,

1254.

Dalea urceolata Greene - A; 5; BBC, BS; 1159, 1213.

Desmantlms coolevi (Eat.) Trel. - P; 4; FOS, FTS, SA;

831, 999.

Desmodium rosei Schub. - A; 5; SS, BBC; 1218.

Glycyrrhiza lepidota Pursh - P; 5; DR, SA; 775.

Hedvsarum boreale Nutt. ssp. boreale - P; 0; FOS;
G.A. Goodwin 1227.

Lathyriis eucosmus Butters & St. John - P; 4; DR,
RA; 970, 1089, 1141.

Lotus meamsii (Britt.) Greene var. mearnsii - P; 4;

FOS, LE, FTS, N. AZ endemic; 637, 732.

Lotus nrightii (Gray) Greene - P; 3; VH, FOS, DR;
334.

Lupinus brevicaulis S. Wats. - A; 3; BS, LE; 330, 582,

638, 668.

Lupinus hillii Greene - P; 0; FOS, DR, HE; E. Van
Winkle 110, 143.

Lupinus kingii S. Wats. var. kingii - A; 3; BS; 645, 662,

875.

* Medicago minima (L.) L. - A; 5; RO; 657.

* Medicago sativa L. ssp. sativa - P; 5; DA; 1201.

* Melilotus officinalis (L.) Lam. - B; 3; RO, DA; 686,

1315.

Oxvtropis lambertii Pursh var. bigelovii Gray - P; 3;

FOS, CS; 615.

Peteria scoparia Gray - P; 5; CS; new Coconino
County record; 801.

Phaseolus angustissimus Gray - P; 3; BBC; 616.

* Psoralidium lanceolatum (Pursh) Rydb. - P; 4;

BBC, SA, DR; C.F. Deaver 473 (UA).
Psoralidium tenuiflorum (Pursh) Rydb. - P; 3; RA,

DR, FOS, CS; 782, 877.

Robinia neomexicana Gray var. neomexicana -S; 5;

CA, RA; 346.

Sophora nuttcdlicma B.L. Turner - P; 0; FOS; G.A.
Goodwin 1224.

Fumariaceae
Corydalis aurea Willd. - A; 4; DA, RO; 400, 543, 603.

Geraniaceae
* Erodium cicutarium (L.) L'Her. ex Ait. ssp.

cicutarium - A; 4; DA, CSL; 527, 554.

Geranium caespitosum James var. caespitosum - P; 4;

FOS, HE, CS; 802.

Grossulariaceae

Ribes cereum Dougl. - S; 2; VH, CS; 410, 524, 531,

536, 598.

Hydrophyllaceae
Nama dichotomum (Ruiz & Pavon) Choisy - A; 4;

CSL; 501A.

Phacelia alba Rydb. - A; 3; FTS, DI, TA; 336, 646,

713, 1062.

Phacelia crenulata Torr. ex S. Wats. var. crenulata -

A; 4; CSL, LE; 388, 617, 867.

Phacelia serrata J. Voss -A; 3; BBC; endemic to N.
AZ and N. NM; 971, 988, 1015, 1032, 1215.

Juglandaceae
Juglans major (Torr.) Heller - T; 5; MA, DR; 774.

Lamiaceae
Dracocephalum parviflorum Nutt. - A; 3; BS, DA;

710.

Hedeoma drummondii Benth. - A; 3; RA; 492, 613,
844, 918.

Hedeoma ohlongifolia (Gray) Heller - P; 5; MA, RA,
DR; 1157.

* Marruhium vulgare L. - P; 3; DA, DR, TA; 335,

679.

Monarda fistulosa L. ssp. fistulosa var. menthifolia

(Graham) Fern. - P; 5; MA, RA, DR; 773, 778.

Monardella odoratissima Benth. - P; 5; SS, NFS,
BBC, HE; 889.

Salvia reflexa Hornem. - A; 3; RO, DI; 818, 871, 993.

Salvia subincisa Benth. - A; 4; RO, MA, RA; 991,

1145.

Stachys rothrockii Gray - P; 3; FTS, DI, TA; 846,

1079.

Linaceae

Linum australe Heller var. glcmdulosum Rogers - A; 3;

FOS; 382, 876, 1041, 1071, 1086, 1110.

Linum lewisii Pursh var. lewisii - P; 4; FOS, RO; 766,

1044.

Linum puberulum (Engelm.) Heller - P; 5; FOS, FTS;
703.

Loasaceae

Mentzelia albicaulis (Dougl. ex Hook.) Dougl. ex

Torr. «fe Gray - A; 3; FOS, BBC, CI; 326, 583.

Mentzelia collomiae CM. Christy - B/P; 4; BBC, SS;

narrowly endemic to the SFVF; 626, 891, 895, 1017,

1219.

Mentzelia montana (A. Davids.) A. Davids. - A; 3;

FOS, BBC, CI; 591, 701.

Mentzelia multiflora (Nutt.) Gray - P; 1; CSL, RO;
390, 485, 768, 807, 865, 946, 989, 1131, 1209, 1292.

Mentzelia rusbyi Woot. - B; 4; RO; 856, 883.

Malvaceae
* Malva neglecta Wallr. - A; 4; DA; 1076.

Sphaeralcea fendleri Gray - P; 3; VH; 678, 711, 809,

816, 1202.

Sphaeralcea hastulata Gray - P; 3; LE, FOS, DR; 333,

735, 829.

Sphaeralcea parvifolia A. Nels. - P; 3; LE, FOS, CS;

627, 981, 1296, 1306.

MoUuginaceae
* Mollugo cerviana (L.) Ser. - A; 4; BBC; 1031, 1162,

1320, 1291.

Nyctaginaceae

Mirabilis albida (Walt.) Heimerl - P; 0; FOS; C.F.

Deaver 3355 (ASU).
Mirabilis coccinea (Torr.) Benth. & Hook. f. - P; 4;

FOS, RA; 847.

Mirabilis decipiens (Standi.) Standi. - P; 5; HE, CS;

1227.

Mirabilis linearis (Pursh) Heimerl - P; 3; VH, RO,
RA; 741, 899, 990, 1035.

Mirabilis multiflora (Torr.) Gray - P; 3; FOS, CS;
370.

Mirabilis oxybaphoides (Gray) Gray - P; 3; RA; 1005.

Oleaceae

Forestiera pubescens (Gray) Gray var. pubescens - S;

3; DR, CA, BBC; 342, 374, 974.

Menodora scabra Gray - P; 3; FOS, FTS, CS; 700,

731, 1011.

Onagraceae
Camissonia gouldii Raven - A; 3; BBC; endemic to N.

AZ and S. UT; 607, 915, 985, 1014, 1166.

Epilobium brachycarpum K. Presl - A; 4; FOS; 886,

1100.

Epilobium ciliatum Raf. ssp. ciliatum - P; 5; WA, DA;
1237.

Gaura coccinea Nutt. ex Pursh - P; 3; FOS, FTS; 644,

728, 881.
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Gaura hexcmdra OrteA ssp. gracilis (Woot. & Standi.)

Raven & Gregory - P; 3; FOS, DR, CS; 960, 992.

Gaura mollis James - A; 4; RO; 758.

Gavoplivtwn rainosissiinum Torr. & Gray - A; 5;

FOS,' FTS; 639, 734.

Oenothera caespitosa Nutt. ssp. marginata (Nutt. ex

Hook. & Arn.) Munz - P; 4; BBC; 539, 594, 892.

Oejiotliera coronopifolia Torr. & Gray - P; 5; CS, RO;
659.

Oenothera flava (A. Nels.) Arrett ssp. flava - P; 5; HE,
FTS; 1049.

Oenothera pallida Lindl. ssp. runcinata (Engelm.)

Munz & W. Klein - P; 3; RO, CS; 1002.

Orobanchaceae
Orohanche fasciculata Nutt. - A; 5; SS, CI; 622.

Orohanche liuloviciana Nutt. ssp. liuloviciana - A; 4;

DI, FTS; 733, 815.

Oxalidaceae

Oxalis sp. L. - A; 5; MA, RA, DR; 1117.

Papaveraceae

Argenione pleiacantha Greene ssp. ambigua G.B.
Ownbey - P; 4; LE, RO, FOS; 704.

Plantaginaceae

Plantago argyraea Morris - A; 3; FOS, RA; 500, 727,

845, 1048, 1251.

Plantago patagonica Jacq. - A; 4; fFOS, LE; 738.

Polemoniaceae

Gilia leptomeria Gray - A; 4; BBC, LE; 581.

Gilia ophthalmoides Brand - A; 3; FOS, CS; 399, 523,

525, 542, 593, 702.

Iponiopsis aggregata (Pursh) V. Grant ssp. formosis-

sinia (Greene) Wherry - B; 3; CSL; 1317.

Iponiopsis arizonica (Greene) Wherry - B; 3; CSL;562,
808.

Iponiopsis longiflora (Torr.) V. Grant - B; 3; FOS, CS;
612.

Iponiopsis multiflora (Nutt.) V. Grant - P; 3; CSL;
498, 994.

Iponiopsis polycladon (Torr.) V. Grant - A; 5; LE,
CSL; 629.

Phlox aniabilis Brand - P; 3; RA, FTS; endemic to N.
and C. AZ; 545, 547, 573, 1253.

Phlox gracilis (Hook.) Greene ssp. gracilis - A; 3;

FOS, BA; 541, 578, 604.

Phlox longifolia Nutt. - P; 4; FTS, RA; 529.

Polygonaceae

Eriogonuni alatuni Torr. var. alatuni - P; 4; FOS, HE,
FTS; 763.

Eriogonuni cernuuni Nutt. var. cernuiun - A; 3; FOS,
CS; 869, 945, 1016, 1135.

Eriogonuni corvmhosuni Benth. var. corvnihosuni - S;

4; BBC; 1 174.

Eriogonuni corymbosuni Benth. var. glutinosum (M.E.
Jones) M.E. Jones - S; 4; BBC; 972, 1175.

Eriogonuni deflexwn Torr. var. deflexuni - A; 4; CI;

1295.

Eriogonuni hookeri S. Wats. - A; 4; CI; 917, 1033.

Eriogonuni janiesii Benth. var. flavescens S. Wats. - P;

5; FOS, FTS^ CS; 1018.

Eriogonuni palmerianuni Reveal - A; 5; SS, CI, CS;
1182.

Eriogonuni pharnaceoides Torr. var. pharnaceoides -

A; 3; CI; 486.

Eriogonuni polycladon Benth. - A; 3; FOS, CS; 961,

1027, 1173.

Eriogonuni raceniosuni Nutt. - P; 4; FOS, FTS, HE;
1001.

Eriogonuni wrightii Torr. ex Benth. var. wrightii - P;

4; FOS, FTS, RA; 1136, 1140, 1177.

Polygonum amphibium L. - P; 5; WA; 1198.
* Polygonum aviculare L. - P; 3; DA, MA, TA; 1238.

Polygonum douglasii Greene ssp. johnstonii (Munz)
Hickman - A; 4; FOS, FTS; 709.

Polygonum lapathifolium L. - A; 5; WA; 1235.
* Rumex crispus L. - P, 5; WA; 862, 1242.

Rumex salicifolius Weinm. var. mexicanus (Meisn.)

C.L. Hitchc. - P; 4; WA; 402, 825, 1082.

Portulacaceae

Phemeranthus validulus (Greene) Kiger - P; 5; SSO;
N. AZ endemic; 1302.

Portulaca lialimoides L. - A; 4; DR, BS, CI; 1167,

1267B, 1273.

Portulaca oleracea L. - A; 4; DR, CSL; 979, 1267.

Primulaceae

Androsace septentrionalis L. ssp. puberulenta (Rydb.)
G.T. Robbins - A; 5; CS, HE, DR, CA; 1229.

Ranunculaceae
* Ceratocephala testiculata (Crantz) Bess. - A; 4; BS,

DA; 514, 544.

Clematis ligusticifolia Nutt. var. ligustisifolia -P; 5;

DR, RA; 955.

Delphinium scaposum Greene - P; 3; FOS; 395, 654,

684, 751.

Myosurus apetalus C. Ay var. montanus (Campbell)

Whitemore - A; 5; WA; 714.

Thalictrum fendleri Engelm. ex Gray - P; 4; DR, CA,
NFS; 680.

Rosaceae
Amelanchier utahensis Koehne var. utahensis - S; 4;

DR, SA; 897.

Chamaebatiaria millefolium (Torr.) Maxim. - S; 4;

RA, CL, SSO; 412.

* Fallugia paradoxa (D. Don) Endl. ex Torr. - S; 2;

VH, BBC; H.C. Sanchez 31

Holodiscus dumosus (Nutt. ex Hook.) Heller - S; 5;

NFS, CL, HE; 1257.

* Ivesia multifoliolata (Torr.) Keck - P; 5; MA, RA,
DR, endemic to N. and C. AZ, not collected due to lack

of flowering material; S.J. Pinkerton s.n.

Potentilla biennis Greene - A; 5; DR, RA; 676.

Potentilla norvegica L. ssp. monspeliensis (L.)

Aschers. & Graebn. - P; 5; WA, MA; 861, 1241.

Potentilla penslyvanica L. var. pensylvanica - P; 5;

RA, CL, HE; 1256.
* Potentilla recta L. - P; 5; FOS, MA, DR; 1087.

Purshia stansburiana (Torr.) Henrickson - S; 3; CS,
DR, RA; 898.

Rosa woodsii Lindl. var. woodsii - S; 5; MA, RA, DR;
973.

Rubiaceae

Galium wrightii Gray - P; 3; SS, CSL, CA, RA; 890,

1010, 1207, 1226.

Rutaceae

Ptelea trifoliata L. ssp. cmgustifolia (Benth.) V. Bailey

- S; 5; RA, DR; 772.

Salicaceae
* Populus alba L. - T; 5; RO, DA; 852.

Populus angustifolia James - T; 5; MA, RA, CA, DR;
771.

Populus tremuloides Michx. - T; 5; NFS, RA, CA;
838.

Salix exigua Nutt. - S; 4; DR, CA, WA; 588, 1244,

1272, 1288.

Salix gooddingii Ball - T; 5; WA, DI, RO; 1043,

1286.
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Saxifragaceae

Heuchera ruhescens Torr. var. rubescens - P; 4; NFS,
CL; 779, 894, 1222.

Scrophulariaceae

Castilleja aiistromontana Standi. & Blumer - P; 5;

CSL; 687.

Castilleja Integra Gray var. Integra - P; 3; CSL; 549,

595, 764.

Castilleja linariijolia Benth. - P; 3; FOS, BBC; 497,

964.

Cordvlantlius parviflorus (Ferris) Wiggins - A; 4;

FOS, LE; 851, 1088.

Cordvlantlius nriglitii Gray ssp. tenuij'olius (Pennell)

Chuang & Heckard - A; 3; FOS; 923.

Limosella aeaulis Sesse & Moc. - A; 5; WA; 1 195.

* Linaria dalmatica (L.) P. Mill. ssp. dalmatica - P; 4;

DA, CSL; 621.

Mimulus riihelliis Gray -A; 3; CSL; 516, 522, 532, 564,

565.

Orthoearpus purpiireoalbiis Gray ex S. Wats. - A; 3;

FOS, FTS; 850, 1003.

Penstemon barbatus (Cav.) Roth ssp. torrevi (Benth.)

Keck - P; 3; CSL; 822, 962, 963.

Penstemon caespitosus Nutt. ex Gray var. desertipicti

(A. Nels.) N. Holmgren - P; 4; FOS, SSO, LE; 635, 743.

Penstemon clutei A. Nels. - P; 4; BBC; endemic to N.

AZ; 618.

Penstemon linarioides Gray ssp. linarioides - P; 4; VH,
CSL; 665.

Penstemon ophianthus Pennell - P; 3; RA, FOS, CS;

358, 632, 671.

Penstemon palmer i Gray var. palmeri - P; 4; RO; 408.

Penstemon rostriflorus Kellogg - P; 3; RA, CA, CL;
848.

Penstemon strictiis Benth. - P; 5; RO, HE; 878.
* Verbascum thapsus L. - B; 3; DA; 804.

Veronica anagallis-aquatica L. - P; 5; WA; 698.

Veronica peregrina L. ssp. xalapensis (Kunth) Pennell
- A; 5; WA; 723.

Solanaceae

Chamaesaracha coronopus (Dunal) Gray - P; 4; DA,
FTS, RA; 653.

Datura wrightii Regel - P; 4; RA, LE; 631.

Lvcium pallidum Miers var. pallidum - S; 3; FOS; 377,
600.'

Nicotiana attenuata Torr. ex S. Wats. - A; 4; FOS,
FTS, DI; 493.

Nicotiana obtusifolia Mertens & Aleotti var. obtusi-

folia - P; 4; CI, DI; 398, 567.

Phvsalis hederifolia Gray var. f'endleri (Gray) Cronq.
- P; 3; FOS, RA; 880, 933, 1028.

Solanum jamesii Torr. - P; 4; FOS, FTS; 511, 1 133.

Solanum triflorum Nutt. - A; 4; CSL; 887.

Tamaricaceae
* Tamarix ramosissima Ledeb. -S; 5; DR, RO; 769,

1294.

Ulmaceae
* Ulmus pumila L. - T; 5; RO, DI; 380.

Verbenaceae
Glandularia bipinnatifida (Nutt.) Nutt. - P; 3; FOS,

TA, RO; 381, 705, 1111.

Phyla cuneifolia (Torr.) Greene - P; 4; TA, FTS, RA;
649, 1083.

Verbena hracteata Lag. & Rodr. - P; 3; TA, FTS; 494,
1192.

Viscaceae

Arceuthobium divaricatum Engelm. - P; 4; parasitizing

Pinus edulis; 901.

Plioradendron juniperinum Engelm. ex Gray - P; 4;

parasitizing Juniperus }no)iosperma\ 900.

Vitaceae

Parthenocissus vitacea (Knerr) A.S. Hitchc. - P; 5;

DR, RA; 776.

Vitis arizonica Engelm. - P; 5; DR, RA; 774B.

Zygophyllaceae
* Tribulus terrestris L. - A; 4; RO, DA; 817.

MAGNOLIOPHYTA - LiLIOPSIDA

Agavaceae
Yucca angustissima Engelm. ex Trel. var. angustis-

sima - S; 2; VH, CSL; 655, 677.

Yucca baccata Torr. var. baccata - S; 4; RA; 834.

Yucca bailevi Woot. & Standi. - S; 0; FOS, CS; H.J.

Fulton 8220 (ARIZ).

Alismataceae

Alisma triviale Pursh - P; 5; WA, TA; 1285.

Commelinaceae
Commelina dianthifolia Delile var. longispatha (Torr.)

Brashier - P; 3; SS, CI; 1 188, 1214.

Tradescantia occidentalis (Britt.) Smyth var. occiden-

talis - P; 4; BBC; 1013.

Cyperaceae

Carex atlirostachva Olney - P; 0; WA; H.D.
Hammond 12019.

Carex brevior (Dewey) Mackenzie - P; 5; WA; 1 153,

1283.

Carex duriuscula CA. Mey. - P; 5; RA, CA; 935.

Carex geophila Mackenzie - P; 4; RA, CA, NFS; 925.

Carex occidentalis Bailey - P; 3; RA, DR, CA, MA;
340, 719, 840.

Cvperus esculentus L. var. leptostachvus Boeckl. - P;

5; DR, SA; 770, 1271.

Cyperus fendlerianus Boeckl. - P; 4; RA; 505, 1091.

Cyperus squarrosus L. - A; 5; DR, SA; 947.

Eleocharis palustris (L.) Roemer & J.A. Schultes - P;

5; WA; 720, 1199.

Schoenoplectus acutus (Muhl. ex Bigelow) A.& D.

Love var. occidentalis (S. Wats.) S.G. Sm. - P; 5; WA;
1287.

Hydrocharitaceae

Elodea bifoliata St. John - P; 5; WA; 1200.

Iridaceae

Iris missouriensis Nutt. - P; 5; MA, DR; 1115.

Juncaceae

Juncus tenuis Willd. - P; 4; WA, DR; 721, 1 120, 1278.

Liliaceae

Calochortus amhiguus (M.E. Jones) Ownbey - P; 3;

FOS, FTS, RA; 650, 707.

Echeandia flavescens (J. A. & J.H. Schultes) Cruden -

P; 5; HE, FTS, RA; 1 106.

Poaceae
Achnatherum hymenoides (Roemer & J.A. Schultes)

Barkworth - P; 4; FOS, LE, BBC; 373.

Achnatherum speciosum (Trin. & Rupr.) Barkworth -

P; 5; RA; 1006.

* Aegilops cylindrica Host - A; 4; DA, RO; 693.

Agropvron cristatum (L.) Aertn. ssp. pectinatum

(Bieb.) Tzvelev - P; 4; FOS, FTS; 691, 1102.

Alopecurus carolinianus Walt. - A; 5; WA; 718.

Andropogon gerardii Vitman - P; 3; BBC, DR; 375,

969.

Aristida adscensionis L. - A; 5; RA; 1268.

* Aristida arizonica Vasey - P; 4; BBC, CI; R.A.
Darrow s.n. (UA).
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Aristida divaricata Humb. & Bonpl. ex Willd. - P; 3;

BBC; 1025, 1170, 1247.

Aristida havardii Vasey - P; 4; BBC; 916.

Aristida purpurea Nutt. var. fendleriaua (Steud.)

Vasey - P; 3; VH, CSL; 606, 1171.

Aristida purpurea Nutt. var. longiseta (Steud.) Vasey -

P; 3; FOS; CSL; 661, 706.

Aristida purpurea Nutt. var. purpurea - P; 3; FOS;
CSL; 606, 1172.

Bouteloua aristidoides (Kunth) Griseb. - A; 4; CSL,
LE, RA; 1290.

* Bouteloua eurtipendula (Michx.) Torr. - P; 3, RA;
C. Jass s.n.

Bouteloua eriopoda (Torr.) Torr. - P; 3; FOS, LE; 328,

387.

Bouteloua gracilis (Willd. ex Kunth) Lag. ex Griffiths

- P; 1; UB; 996, 1304.

Bouteloua simplex Lag. - A; 5; BS; 1064.

Bromus carinatus Hook. & Arn. - P; 0; TA; L.C.

Moore s.n.

Bromus ciliatus L. - P; 5; RA; 1223.

* Bromus commutatus Schrad. - A; 3; DA, RO; 708,

762, 855.
* Bromus iuermis Leyss. ssp. inermis - P; 4; DA, RO;

690, 1042.

* Bromusjaponicus Thunb. ex Murr. - A; 4; DA, MA;
717.

Bromus lanatipes (Shear) Rydb. - P; 4; CA, DR, NFS,
HE; 975, 1125.

* Bromus rubens L. - A; 5; DA, LE; 628.
* Bromus tectorum L. - A; 3; DA, CSL; 534, 540, 592.

Dasvochloa pulchella (Kunth) Willd. ex Rydb. - P; 5;

LE, FOS, BS; 980.
* Echiuochloa crus-galli (L.) Beauv. - A; 4; WA; 1240.

Ecliinochloa muricata (Beauv.) Fern. var. microsta-

chya Wieg. - A; 4; WA; 1118, 1154, 1239.

Elymus canadensis L. - P; 5; MA, DR, RA; 976, 1274.

Elymus elymoides (Raf.) Swezey ssp. brevifolius (J.G.

Sm.) Barkworth, comb. nov. ined. - P; 3; FOS; 405.

Elymus trachycaulus (Link) Gould ex Shinners ssp.

trachycaulus - P; 3; DL RO, FTS; 722, 748, 820.

Eragrostis lutescens Scribn. - A; 4; MA, DR, SA;
1265, 1282.

Eragrostis mexicana (Hornem.) Link ssp. mexicana -

A; 4; VH, BS, MA; 1124, 1305.

Eragrostis pectinacea (Michx.) Nees ex Steud. var.

pectinacea - A; 3; BS, RA, DR, RO, DA; 957, 1052,

1139.

Festuca arizonica Vasey - P; 5; HE, RO; 1019.

Hesperostipa comata (Trin. & Rupr.) Barkworth ssp.

comata - P; 3; FOS, CS, RA; 393, 682.

Hesperostipa neomexicana (Thurb. ex Coult.) Bark-

worth - P; 5; RA, LE; 1030.

Hordeum jubatum L. ssp. jubatum - P; 3; MA, TA,
DA, RO; 681, 695, 716, 1119.

* Hordeum murinum L. ssp. murinum - A; 5; DA,
WA; 694.

Koeleria macrantlia (Ledeb.) J.A. Schultes - P; 3; RA,
CA; 642, 672, 673.

Lolium pratense (Huds.) S.J. Darbyshire - P; 5; RO;
1023.

Lycurus setosus (Nutt.) C.G. Reeder - P; 5; RA; 1007.

Monroa squarrosa (Nutt.) Torr. - A; 4; FOS, BS, DA;
1 148.

Muhleubergia depauperata Scribn. - A; 5; LE, RA,
BS; 1270, 1301.

Muhleubergia minutissima (Steud.) Swallen - A; 3;

VH, BS, CS; 1095, 1252.

Muhlenhergia montana (Nutt.) A.S. Hitchc. - P; 3;

RA, DR, HE; 356, 1105, 1187.

Muhlenbergia pauciflora Buckl. - P; 0; RA, CS; B.

Chaney s.n.

Muhlenbergia porteri Scribn. ex Beal - P; 0; RA, LE;
B. Chaney s.n.

Muhlenbergia racemosa (Michx.) B.S.P. - P; 4; RA,
DR, SS, NFS; 951, 1224, 1275.

Muhlenbergia ramulosa (Kunth) Swallen - A; 5; SS,

CSL, HE; 1217.

Muhlenbergia repens (J. Presl) A.S. Hitchc. - P; 5; LE,
FTS, DI; 1066.

Muhlenbergia rigens (Benth.) A.S. Hitchc. - P; 3; DR;
953, 1113, 1144.

Muhlenbergia torrevi (Kunth) A.S. Hitchc. ex Bush -

P; 4; FOS; 1057, 1074, 1112.

Muhlenbergia nrightii Vasey ex Coult. - P; 3; RA,
DR; 726, 752, 926, 1022, 1051.

Panicum bulbosum Kunth - P; 5; MA, DR, RA; 1116.

Panicum capillare L. - A; 4; MA, DR, WA; 956, 1 155.

Panicum hirticaule J. Presl var. hirticaule - A; 5; SS,

CI; 1220.

Panicum mohavense J. Reeder - A; 5; LE, RA, SSO,
endemic to N. AZ and C. NM; new record for

Coconino Co.; 1300.

Panicum virgatum L. var. virgatum - P; 3; RA, DR;
781, 966, 1021, 1276.

Pascopvrum smithii (Rydb.) A. Love - P; 4; RO, DI,

DA; 1055.

Piptatherum micranthum (Trin. & Rupr.) Barkworth -

P; 3; RA; 347, 411, 675.

Pleuraphis jamesii Torr. - P; 3; FOS, LE; 327.

Poa fendleriaua (Steud.) Vasey - P; 3; VH, RA, DR,
HE; 538, 548, 555.

Poa pratensis L. ssp. pratensis - P; 4; MA, DA, TA;
696.

* Psathyrostachvs juncea (Fisch.) Nevski - P; 5; FOS,
DA; 750,1150.

Schedonnardus paniculatus (Nutt.) Trel. - P; 3; FOS,
FTS; 404, 652, 1065, 1081, 1137, 1263.

Schizachvrium scoparium (Michx.) Nash var. scopar-

ium - P; 4; DR, CA, RA; 954,.

* Secale cereale L. - A; 4; DA, RO; 756.

* Setaria viridis (L.) Beauv. var. viridis - A; 4; RA,
DR, RO, DI; 1277, 1311.

Sorghastrum nutans (L.) Nash - P; 4; RA, DR; 967,

1289.

Sporobolus airoides (Torr.) Torr. - P; 5; RO, LE;
1020.

Sporobolus contractus A.S. Hitchc. - P; 4; VA, LE,
RO; 949, 1246, 1316.

Sporobolus cryptandrus (Torr.) Gray - P; 3; VH, DR;
508, 864, 928, 1009.

* Tliinopyrum intermedium (Host) Barkworth & D.R.
Dewey - P; 3; RO, DI, DA; 824, 1056.

Vulpia octojlora (Walt.) Rydb. var. liirtella (Piper)

Henr. - A; 5; LE, FOS, FTS; 636.

Potamogetonaceae

Potamogeton pusillus L. ssp. tenuissimus (Mert. &
Koch) Haynes & C.B. Hellquist - P; 5; WA; 1279.

Typhaceae

Typha latifolia L. - P; 5; WA; 860.
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Abstract

A long-term history of water table fluctuations, from alternating periods of drought and abundant
precipitation, can be preserved in the stratigraphy of wetland sediments. We examined the middle to

late Holocene history of vegetation and climate change from a small wetland on the Modoc Plateau in

Shasta County, northeastern California. This site is at a transition between the Great Basin and the

Californian Floristic Provinces, and the paleoecological record from Flycatcher Basin exhibits

affinities to both. Although the sedimentary record extends back to ca. 8300 cal yr BP, organic

sediment did not form until ca. 4500 cal yr BP, indicating that water was probably absent in the basin

during the middle Holocene. Pollen and plant macrofossils deposited after 4500 cal yr BP suggests a

mixed conifer - Quercus forest grew around Flycatcher Basin. Charcoal is abundant in these

sediments, indicating periodic forest fire. Distinctly modern forests developed by about 2200 cal yr BP,

when Pinus became the dominant conifer with Quercus, in a more closed forest, perhaps with more
frequent fire. The record from Flycatcher Basin provides no evidence for change in the boundaries

between the Great Basin and California (Cascadian) floristic provinces during the period of record.

The late Holocene is interpreted as a generally increasingly mesic sequence, with a long-term increase

in groundwater recharge, yet interspersed by extended drought during the last 2000 yr. Extended
droughts occurred from ca. 1 125 AD to 1450 AD, with an earlier protracted dry period from ca. 100

AD to ca. 900 AD. Generally wetter periods occur from ca. 1000 to 1 125 AD, and after ca. 1450 AD.
The paleoenvironmental changes in the Flycatcher Basin wetland are a local expression of a much
broader climatic pattern, as shown by several studies of higher resolution proxies. The record from
Flycatcher Basin wetland is important in demonstrating the centennial to millennial-scale fluctuations

in water availability in a region of rapidly expanding human population, with an increasing need for

water resources.

Key Words: California, drought reconstruction, fire history, paleoecology, pollen analysis, wetland

hydrology, Modoc Plateau.

The Modoc Plateau of northeastern California

is a region of steep vegetation gradients from
interior basin to upland forest. Located at the

transition between the Great Basin, the southern

extension of the Cascade Range and the northern

extent of the Sierra Nevada, the Plateau is

presently home to vegetation types allied to

Sierran - Cascade coniferous forests, as well as

to Great Basin sagebrush steppe (Kiichler 1988).

To the west, on the flanks of the Cascade Range,
are the Sierran montane forests, which include

ponderosa and Jeffrey pine {Pinus ponderosa
Laws., P. jeffreyi Grev. & Balf.), white fir {Abies

concolor (Gordon & Glend.) Lindley)), California

black oak {Quercus kelloggii Newb.), and western
juniper {Juniperus occidentalis Hook.), among
others (Rundel et al. 1988). At somewhat lower
elevations, Oregon oak {Q. garryana Hook.)
woodland dominates. South-facing xeric slopes

'* Present Address: 4014A Lewis Lane, Austin, TX
78756.

support gray pine {P. sabiniana Douglas) and
chaparral, including buckbrush {Ceanothus pros-

tratus Benth.) and manzanita {Arctostaphylos

spp.). To the east is Great Basin vegetation,

dominated by sagebrush {Artemisia tridentata

Nutt.) and Juniperus occidentalis, with additional

shrubby perennials.

Occurring within this transitional region, less

than 10 km east of the Great Basin, is a series of

small ephemeral wetlands, known informally as

the Flycatcher Basins (Fig. 1). The small wet-

lands lie within a canyon created by the Pit

River's course through the southern Cascade
Range. The Flycatcher Basin wetlands occupy
hollows in jumbled terrain of probable landslide

origin (Page 1995), are unusual in this relatively

dry environment, and preserve a paleoenviron-

mental record of mid- through late Holocene.

This is important since our knowledge of former
environments of this region is limited to just a few

sites. Prior to 1990, only three studies had been

conducted on or near the Modoc Plateau,

including Klamath Lake (Hansen 1942), Tulelake
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Flycatcher Basin

Fig. 1. Location of Flycatcher Basin, Shasta County, northeastern California. The center image clearly shows the

slump terrain along the Pit River that produced the basins. The small inset in the upper left shows the basin itself

and coring site. The inset in the lower right shows sites mentioned the text ( 1 = Little Willow Lake [West 2004]; 2 =
McCoy Flat [Wigand and Rhode 2002]; 3 = Tulelake [Adam et al. 1989]; 4 = Lower Klamath Lake [Hansen 1942];

5 = Medicine Lake [Starratt et al. 2003]; 6 = Klamath Mountains lakes [Mohr et al. 2000; Daniels et al. 2005]; 7 =
Sierra Nevada sites [Anderson 1990; Smith and Anderson 1992; Anderson and Smith 1994; Edlund 1996; Brunelle

and Anderson 2003; Potito et al. 2006]; 8 = Southern Oregon lakes [Bradbury et al. 2004; Hakala and Adam 2004]).
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(Adam et al. 1989), and Diamond Craters

(Mehringer and Wigand 1990). More recently,

additional long records of vegetation change have

come from Upper Klamath and Grass Lakes in

southern Oregon (Bradbury et al. 2004; Hakala
and Adam 2004), Medicine Lake (ca. 50 km
north of Mt. Shasta; Starratt et al. 2003), Little

Willow Lake (Lassen National Park; West 2004),

and McCoy Flat (eastern fringe of Modoc
Plateau; Wigand and Rhode 2002). To the west,

Mohr et al. (2000) and Daniels et al. (2005)

determined postglacial vegetation and fire history

from the Klamath Mountains, while several

studies come from the Sierra Nevada to the

south (e.g., Anderson 1990; Smith and Anderson
1992; Anderson and Smith 1994; Edlund 1996;

Brunelle and Anderson 2003; Potito et al. 2006).

Though the Klamath Lake record appears to be

largely Holocene, radiocarbon dates are absent

and its exact chronology is unknown. The
Tulelake record encompasses much of the last

three million years, but few Holocene samples

were analyzed. Thus additional records from the

region are needed to understand past vegetation

changes that have occurred here.

Recent studies of the late Holocene of the

region using multiple proxies point to periodic,

but widespread and persistent dry conditions

over the last 2000 yr that are greater in magni-
tude than those experienced during the historic

period (e.g., the 1930's and 1950's droughts
[Schubert et al. 2004]). These include lower lake

levels (Stine 1994) and reduced runoff (Benson et

al. 2002), higher fire frequencies (Mohr et al.

2000; Brunelle and Anderson 2003; Daniels et al.

2005), reduced tree growth (Hughes and Graum-
lich 1996), and lowered treelines (Lloyd and
Graumlich 1997) in and near the California

mountains. These droughts are a regional expres-

sion of widespread periodic drought in western

North America (e.g., Grissino-Mayer 1996; Laird

et al. 1996; deMenocal 2001; Fye et al. 2003;

Mason et al. 2004) during the late Holocene.

The Site

Flycatcher Basin is one of several small closed

basins supporting wetlands, located within a

large landsHde known as the Flycatcher Embay-
ment, ca. 1.2 km northeast of the Pit River, in

Shasta County, California (Fig. 1). Bedrock
along the Pit River here is Pliocene diatomite

overlain by basalt. The diatomite is a structurally

weak rock prone to landslides (Page 1995). The
basin is located at ca. 924 m elevation and has a

small drainage area within the local forest with
no tributary streams or channels. Although dry
during the period of excavation, a cracked peat-

mud floor, pond turtle {Chlemys mannorata)
bones, and a wave-cut shoreline indicated that it

recently held water to a depth of at least 1.1m.

Uplands surrounding the basin are typically

closed-canopy Oregon oak [Q. garryana) wood-
land with Pinus pouderosa. Dense P. ponderosa
forest occurs on the north-facing slope immedi-
ately south of the basin. P. sahinicmci and
Ceanothus prostratus occur within an open
Quercus woodland on the adjacent south-facing

slope. Other trees and shrubs occurring locally

include rare Douglas-fir {Pseudotsuga menziesii

(Mirbel) Franco), scattered Jimiperus occidenta-

lis, wild rose {Rosa sp.), waxberry {Symphoricar-

pos sp.), squawberry {Rhus trilobata Torry & A.
Gray), buck brush {Ceanothus cuneatus (Hook.)
Nutt.), and antelope bush {Purshia tridentata

(Pursh) DC). A variety of herbs and subshrubs,

including grasses (Poaceae), composites {Achillea

millefolium L., Artemisia cf. dracunculus L.,

Cirsium sp., Xanthium strumarium L.), Epilobium

brachycarpum C. Presl and others occur within

the basin. Woody phreatophytes such as willow

{Salix sp.) and alder {Alnus viridis (Chaix) DC
ssp. sinuata (Regel) A. Love & D. Love) do not

occur along the margins of the basin, but are

found along the Pit River to the south. Plants

growing within the basin itself include sedges

(Cyperaceae), dock {Rumex sp.), mullein {Ver-

bascum thapsus L.), and plantain {Plantago sp.),

with patches of tule {Scirpus sp.) and rushes

{Juncus sp.) in wetter areas.

Methods

Sediments from Flycatcher Basin were collected

during September 1992. A 1.5 X 2 m trench was
hand excavated to a depth of 2. 1 m near the middle
of the desiccated basin (Fig. 1 ). The top 40.5 cm of

sediment was retrieved in consecutive blocks of 4

to 22 cm length. Below this a 10-cm diameter pipe

with a sharpened end was driven vertically into the

exposed section to 170.5 cm depth. From 170.5 to

208.5 cm blocks of sediment were cut from the

exposure in the same manner as the top 40.5 cm.

The multiple methods were used to obtain as much
of the sedimentary column intact as possible. Until

analyzed in 1994, these sediments were kept in cold

storage at the Laboratory of Paleoecology (LOP),
Northern Arizona University.

For pollen and charcoal analysis, 42 subsam-
ples (2 cm^ each) were taken at intervals of 2 to

15 cm. Three additional surface pollen samples

were obtained from deposits elsewhere in the

basin. Pollen and charcoal were extracted using a

Faegri and Iversen (1989) chemical separation

technique, additionally treated with sodium
pyrophosphate and sieved through an 8-)nm

screen following acetolysis. Pollen preservation

was variable, so the number of pollen grains

identified per sample was not uniform (see

below). We analyzed the microscopic charcoal

fraction here, since macroscopic charcoal oc-

curred less commonly in the record.
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Table 1,

age

Radiocarbon and Calendar Ages for the Flycatcher Basin Sediments. * median probability

Laboratory number Depth (cm) Age ("*C yr BP) Age (cal yr BP)* Age (AD/BC)*

Beta-64384 15-20 430±60 473 1477 AD
Beta-62111 40.4-50.5 1240±70 1159 791 AD
Beta-68120 65-70 2080±80 2054 105 BC
Beta-62112 125-135 3580±80 3876 1927 BC
Beta-62310 192-208.5 7420±170 8217 6268 BC

Pollen types were identified by comparison to

the reference collection at the LOP. Most grains

were identified to genus (e.g., Pinus), less often to

species or species-type. Some pollen types can
only be distinguished reliably to family (e.g.,

Asteraceae, Apiaceae, Poaceae). Though most of

the Cupressaceae pollen was undoubtedly Jimi-

perus, we retain the designation of the family. All

of the Polygonum pollen belonged to an aquatic

species (i.e., P. ainphibium L.). We used the

TGView 2.0 program (Grimm 1993) to calculate

sums and graph data (the pollen data are

available from the North American Pollen Data-
base (NAPD [http://www.ngdc.noaa.gov/paleo/

napd.html]), but pollen zones were created by
visual inspection. In order to highlight potential

hydrological changes in the basin we calculated a

ratio of pollen percentage of "moist" taxa to a

sum of "moist" and "dry" pollen types, such as:

[Polygonum amphihium + Alnus

+ Potamogeton + Cyperaceae)/

{Polygonum amphihium + Alnus

+ Potamogeton + Cyperaceae)

+ (Asteraceae + Cheno — am).

Charcoal fragments were identified on pollen

slides, and the area of each individual charcoal

particle was measured, then the total area (mm-)
of charcoal was calculated for each sediment level

analyzed.

Plant macrofossils were recovered by extract-

ing subsamples (ca. 300 cm^ each) from the

sediments at ca. 10-cm intervals. The volume of

each subsample was estimated by the amount of

water displaced in a beaker. Sediments were
disaggregated in water, and sieved by gentle

water washing. Each fraction was hand-sorted

and picked for plant and animal macrofossils.

Macrofossils were compared with the LOP
reference collection.

Results

Radiocarbon Dates and Sediment
Accumulation Rates

Five bulk sediment radiocarbon dates were
obtained (Table 1 ), and radiocarbon ages were

converted to calendar ages (cal yr BP and AD/
BC) using CALIB 5.0.2 (Stuiver et al. 1998). For
age-depth construction, we chose the median
probability age (Telford et al. 2004) from the

output of CALIB 5.0.2, with a linear interpola-

tion between ages. Sediment accumulation rate

(SAR) was slowest (0.02 cin/yr) from the profile

bottom to ca. 130 cm depth (Fig. 2). Above
130 cm, SAR varied from 0.03 to 0.04 cm/yr.

These SAR's are comparable to those obtained

from other lakes in California (Anderson 1990),

despite the fact that this is a small basin with no
tributaries.

Sediment Stratigraphy

The section top from 0 to 10 cm is composed
of dry, largely unconsolidated, dark gray-brown
silty peat (Fig. 2). From 10-110 cm sediments are

compact, prismatic, dark brown clay with inter-

spersed flecks of charcoal. These sediments

contain very little organic material or sand. At
ca. 110 cm depth, this fine-grained sediment

grades gradually into a reddish-brown, silty-

sandy clay with occasional gravel inclusions.

Increasing amounts of sand were found below
122 cm. Below 175 cm sediments are sandy,

brown, friable clays.

Modern Pollen Assemblages

Three pollen samples provide modern pollen

assemblages for comparison with the fossil

pollen. Samples were taken from a patch of

Scirpus, near a former shoreline of the pond, and
from the top of a trench dug in the southern

portion of the basin (Fig. 3). Each sample was
dominated by Pinus, varying from ca. 55-75% of

the pollen sum. Other important pollen types

include Cupressaceae (probably Juniperus), Quer-

cus, and Abies. Cupressaceae appears over-

represented based on its near-absence from the

local vegetation, and Quereus appears under-

represented compared to its dominance in the

local woodland. Very small amounts (ca. 5%) of

Artemisia were also recovered. The occurrence of

both Abies and Artemisia in sediments suggests

pollen sources from both the west (the dominant
wind direction resulting in the transport of Abies

pollen from the southern Cascade Range) and the

east (the direction of Artemisia-domm^iQd Great
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Fig. 2. Age-Depth curve for the five radiocarbon

dates obtained from the Flycatcher Basin sediments,

along with a sediment description of the profile. Ages
are given in Table 1. The age model is based upon a

linear interpretation of the median probability age for

the sample.

Basin steppe vegetation). The occurrence of

dwarf mistletoe {Arceuthobium) in two samples

is consistent with the presence of a dense Pinus

ponderosa forest on the south side of the basin,

since pollen of this conifer parasite is not widely

dispersed (Anderson and Davis 1988). Though
the basin was dry at the time of fieldwork, pollen

of disturbed ground plants (e.g., Cheno-Ams -

only a single grain recovered from the four

samples) was very rare. Pollen of damp-ground
or aquatic plants (Brassicaceae, Polygonum am-
phibium, Thalictrum, Alnus, Potamogeton, and
Cyperaceae) was consistently found, indicating

recent basin wetting. Spores of quillwort (Isoetes)

and aquatic algae were recovered from the south

trench and Scirpus sites, but not from the old

shoreline. This is probably a reflection of the

greater time that water covered the central

portion of the basin, suggesting that the old

shoreline is an ephemeral feature, or that

considerable time has passed since the highest

water level was attained.

Fossil Pollen and Macrofossil Assemblages

Forty-two fossil pollen samples were analyzed
from Flycatcher Basin, representing an average
of 195 yr between samples for the entire record,

but 105 yr between samples for the late Holocene
(last 4500 yr) only. We identified 31 pollen and
spore types. Pollen preservation varied through-
out the core. Preservation was very good in the

modern surface samples and in the upper 40 cm
of the core, where deteriorated grains averaged
less than 10%. Below this to ca. 140 cm.

S. Trench

Scripus

Top Sect.

Fig. 3. Dominant pollen types in the modern pollen

samples from Flycatcher Basin. Samples were obtained

from four locations in the modern basin.

deteriorated pollen comprised approximately 20

to 30% of the sum; pollen was essentially absent

in sediments below 140 cm. We believe that the

decline in pollen preservation with depth is

probably related to greater incidence of drying

of the sediment in older portions of the core, as

evidenced by the oxidized appearance of the

sediment, and as discussed below. As expected,

pollen concentrations were greatest in the modern
samples and near the core top, and declined with

depth (Fig. 4).

Vegetation and climatic changes are interpret-

ed from the terrestrial pollen percentage (Fig. 4)

and wetland and aquatic remains (Fig. 5) dia-

grams. Pollen and macrofossils were essentially

absent in the bottom 50-60 cm of the core. Pollen

was well-preserved in sediments deposited subse-

quent to approximately 4500 cal yr BP. However,
pollen concentrations and macrofossil abundanc-
es increased dramatically in sediments deposited

over the last ca. 2000 yr (Figs. 4 and 5).

Dominant pollen types were those common in

the modern surface samples, including Pinus,

Cupressaceae, Quercus, Abies and Asteraceae.

Small amounts of Artemisia were found in

virtually all samples. The macrofossil samples

contained ca. 25 plant and animal taxa. Most
taxa were aquatic or semi-aquatic; of terrestrial

species, only the remains of Pinus ponderosa,

Arctostaphylos cf. patula, and seeds of a Rosaceae
were recovered.

Pol/en Zone FB-I (ea. 8300 to ca. 4500 cal

yr BP). Pollen and macrofossils were essentially

absent from this zone (Fig. 4), and charcoal

concentrations were also low. Sediments were
reddish-brown, indicating persistent exposure

and greater oxidation compared to overlying

sediments. Oxidation promotes intense decom-
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Fig. 4. Pollen concentration, proportion of degraded pollen, and terrestrial pollen percentages for common
terrestrial pollen types in the Flycatcher Basin sediments. Little pollen was recovered below 140 cm depth (presence

only denoted by a dot). Silhouette = pollen percentage X 10.
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position, which probably accounts for the lack of

preserved organics.

Pollen Zone FB-II (ca. 4500 to ca. 2200 cal

yr BP). Pollen percentages in this zone were

dominated by Pinus, Cupressaceae (likely Juni-

perus), and Asteraceae, with smaller amounts of

Poaceae, Artemisia and Quercus. Poaceae, Cu-
pressaceae and Asteraceae pollen declined toward

the end of the zone. Degraded pollen was less

than in Zone FB-I, averaging 20%. Pollen

concentrations were lower than in overlying

sediments (see below). The ratio of arboreal to

non-arboreal pollen was generally low, indicating

dominance by taxa such as Asteraceae, Poaceae,

and Apiaceae. Charcoal was present, but the

quantity was lower than in the subsequent zone.

Tvlacrofossils were entirely of aquatic taxa,

dominated by Isoetes and Chara, with occurrence

of freshwater sponge spicules and Chrysophyte
cysts (Fig. 5).

Pollen Zone FB-III (ca. 2200 cal yr BP
to present). Two subzones (FB-IIIa, ca. 2200 to

1100 cal yr BP; FB-IIIb, ca. 1100 cal yr BP to

present) were identified. Pollen concentration for

the entire zone increased fivefold over Zone FB-
II. The percentage of degraded pollen declined

toward the surface. Conifer pollen, particularly

Pinus, increased during this zone and that of

Arceuthobium was more common than below.

Abies pollen was first recovered in FB-IIIb, while

values of Poaceae and Asteraceae were lower in

this subzone. Charcoal concentrations generally

increase during FB-III over the previous zone.

The richness of aquatic taxa increased sub-

stantially in Zone FB-III. Types common in FB-
II continued here. Pollen and macrofossils of
Potamogeton, sedges (both Carex and Cyperus),

and tule (Scirpus) became abundant early in

subzone FB-IIIa. Other rooted, floating aquatics

such as Najas cf. guadalupensis (Sprengel) IVIag-

nus, Brasenia schreberi J. Gmelin, along with
Nitella, became common in FB-IIIb. Ephippia of
Daphnia were abundant, indicating more persis-

tent standing water.

Discussion

The paleoecological record from Flycatcher
Basin is important in understanding Holocene
climatic events and their impact on the vegetation
of the IVIodoc Plateau and vicinity, the stability of
a major vegetation ecotone, and potentially the

history of drought conditions there. Preservation

anomalies are undoubtedly important in deter-

mining the characteristics of the fossil assemblag-
es, particularly during Zone I time (ca. 8200 to

4500 cal yr BP). The generally coarser clastic

sediment deposited during this period may
indicate greater slopewash at that time, and the

reddish-brown color is consistent with strong

oxidation under subaerial conditions. This prob-
ably accounts for the lack of organic preserva-

tion. We interpret the mid-Holocene local envi-

ronment of the basin as being a small, mostly dry
depression.

After ca. 4500 cal yr BP fossil preservation and
concentration increases, and these fossils suggest

a mixed conifer Quercus forest grew around
Flycatcher Basin. This forest may have been
similar to the modern forest, but more open
(greater Asteraceae, Poaceae) and with less Pinus

than today. Abundant sedimentary charcoal

(Fig. 4) suggests regular forest fire, though our
technique cannot estimate any potential changes
in fire episode frequencies over earlier times.

Distinctly modern forests developed by ca. 2200
cal yr BP when Pinus became the dominant
conifer, growing with Quercus, in a more closed

forest, perhaps with more frequent fire (Fig. 4).

The record does not show any marked long-term

changes in the importance of sagebrush {Artemi-

sia) pollen over the last 4500 yr, and therefore

suggests little if any change in the position of the

ecotone between Californian (Cascadian) and
Great Basin floristic provinces.

Wetland and aquatic species, including perhaps

Alnus, became established within and near the

site at this time also. Alnus does not presently

exist in the basin, although it does grow along the

Pit River. Because the modern surface samples

(Fig. 3) yield amounts of Alnus pollen compara-
ble to those found in samples from the strati-

graphic column (Fig. 4) it is possible that these

grains are not locally derived. The occurrence of

Isoetes, Chara, Chrysophyte cysts and others

indicate that water must have covered portions of

the basin for much of the year, but a lack of

floating aquatics suggests shallow water depths.

Pollen evidence from other sites within the

region also suggests warmer and/or drier climates

during the middle Holocene than today, which
could have led to a regional lowering of water

tables. During the middle Holocene, Pinus, Quer-

cus, and Cupressaceae dominated forests of the

Klamath (West 1989; Mohr et al. 2000; Daniels et

al. 2005) and mid-elevations of the Sierra Nevada
(Smith and Anderson 1992; Anderson and Smith
1994; Edlund 1996) regions. Chironomid-inferred

temperatures suggest that the mid-Holocene was
the warmest period in the Sierra Nevada (Potito et

al. 2006). Although individual characteristics

prevailed at each site, after ca. 4500-5500 cal yr

BP the more mesic species Abies increased at all

sites. Further north in southern Oregon, the

middle Holocene at Diamond Pond was dry prior

to 6200 cal yr BP, but after this groundwater tables

rose, forming a permanent lake (Wigand 1987).

These data are consistent with a regional increase

in effective annual precipitation, leading to higher

groundwater tables, and establishment of persis-

tent wetlands.
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Fig. 6. Comparison of climate proxies for the last 2000 yr: a. Calculation of relative wet and dry periods using

pollen function {Polygonum amphihium + Alnus + Potamogeton + CypQracQae)/(Polygonwn amphibium + Alnus +
Potamogetou + Cyperaceae + Asteraceae + Cheno-am) (this study); b. Calculated elevation (m) of Mono Lake,

California, levels (Stine 1990); c. Calibrated radiocarbon ages of submerged tree stumps at Mono Lake (Stine

1994); d. Period of lowest lake levels at Walker Lake, Nevada (Yuan et al. 2004); e. CaHbrated ages of lowered lake

levels at Pyramid Lake, Nevada (Mensing et al. 2004); f. Treeline fluctuations in the southern Sierra Nevada,

California (Lloyd and Graumlich 1997); g. Relationship between tree death and germination at treeline in Sequoia

National Park, California (Lloyd 1997); and h. Flow of the Sacramento River, California, from tree ring evidence

(Meko et al. 2001).

The Latest Holocene

The development of modern conditions oc-

curred during the last 2200 yr. Pinus increased

within the area, while Quercus remained impor-

tant and Juniperus declined. Indicators of open-

ground such as taxa of Poaceae and Asteraceae

also declined. The first occurrence of Abies pollen

probably represents expansion of A. concolor in

the Cascades to the west (Mohr et al. 2000;

Daniels et al. 2005). Research here and from the

Sierra Nevada to the south (Davis et al. 1985;

Anderson 1990; Anderson and Smith 1994;

Edlund 1996) established a continuous, incre-

mental expansion of Abies during the late

Holocene, suggesting a long-term increase in

effective precipitation and soil moisture. During
this period, the aquatic flora at Flycatcher Basin

became particularly rich, indicating that the basin

held permanent water, and that water depths

were sufficient in most years to support floating

aquatic plants, especially after ca. 1100 yr ago
(Fig. 5).

However, using our equation to compare wet

and dry pollen indicators over the last 2000 yr

(see methods), our analysis suggests wet condi-

tions periodically alternated with more arid

climates during the latest Holocene (Fig. 6a).

Although the pollen sampling interval varies over

this time period, the ratio suggests generally dry'

conditions from ca. 1125 to 1450 AD, with

another possible protracted dry period from ca.

100 to ca. 900 AD. Generally wetter periods

occur from ca. 1000 to 1125 AD, and after ca.

1450 AD.
This reconstruction is very similar to the lake-

level reconstruction for Mono Lake over the last

2000 yr (Fig. 6b; also Stine 1990). Lake levels at
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Mono Lake are controlled by runoff from the

Sierra Nevada, and were generally low prior to

1000 AD, peaked by 1100 AD, and declined

between ca. 1150 and 1450 AD. After ca. 1450

AD, lake levels fluctuated, but generally trended

upward. This latter period may have been driven

by cooler temperatures and greater precipitation

during the Little Ice Age, dated in the Sierra

Nevada as after ca. 650 cal BP (Matthes
glaciation; see references in Clark and Gillespie

1997).

We also compared the Flycatcher Basin record

with several higher resolution records of climate

variation for northeastern California and the

Sierra Nevada, and for western Nevada (Fig. 6c-

h.). The comparisons are particularly striking for

the last ca. 1000 yr, with fewer data available

prior to that. For instance, in a study of runoff of

the Sacramento River in California, Meko et al.

(2001) determined the driest 50-year and 20-year

periods to be from 1 140 to 1 160 AD, and 1350 to

1400 AD, respectively. Similarly, numerous dates

on submerged stumps from Mono Lake (1025 to

1250 and 1275 to 1400 AD; Stine 1994) suggest

lowest lake levels then. Yuan et al. (2004)

determined from 60'^ analysis that the driest late

Holocene period at Walker Lake, Nevada, was
from 1200 to 1360 AD. At Pyramid Lake,

Nevada, Mensing et al. (2004) determined major
dry periods at ca. 1150 to 1225 and 1350 to 1500

AD. Each of these reconstructions suggests

particularly dry conditions contemporaneously
with the 12th to 15th century dry period at

Flycatcher Basin.

Tree-ring and stand-age data from high

elevation foxtail pine {Pinus bcilfouriana (Grev.

& Balf.)) stands in the Sierra Nevada also

confirm the Flycatcher Basin interpretations.

Decline in upper elevation treeline due to drought
occurred from ca. 1000 to 1400 AD (Lloyd and
Graumlich 1997), with maximum drought be-

tween ca. 1250 to 1400 AD (Graumlich 1993),

while tree deaths exceeded births from 1100 to

1450 AD (Lloyd 1997). However, contempora-
neously with our reconstruction of wetter condi-

tions at Flycatcher Basin after ca. 1450 AD,

I

treeline data suggest cooler and wetter conditions

j

in the Sierra Nevada (Fig. 6f. and g.).

j

Conclusions

Occurring at the transition between the Great
Basin and the Cahfornian-Cascadian Floristic

Provinces, the paleoecological record from Fly-

catcher Basin exhibits affinities to both. Antevs
(1948) defined a paleoclimatic sequence for the

Great Basin as consisting of three distinct stages:

the Anathermal (ca. 1 1 ,000-7000 yr ago; early

Holocene), the Altithermal (ca. 7000^500 yr

ago; middle Holocene), and the Medithermal
(ca. 4500 yr ago to present; late Holocene). Based

upon the presence or absence of lakes in the

Great Basin, this sequence defined a regime of

effective precipitation changing from subhumid
to arid conditions, followed by semiarid climates.

Subsequent research has confirmed this sequence.

The middle Holocene was warmer and drier than

the early Holocene (Wigand and Rhode 2002;

Tausch et al. 2004); Lake Tahoe was below its

rim during this period (Lindstrom 1990; Benson
et al. 2002), Pyramid Lake may have been at its

lowest level (Born 1972), and Walker Lake was
essentially dessicated (Bradbury et al. 1989).

These conditions may have lasted until about

3500 yr BP in parts of the Great Basin (Tausch et

al. 2004). But subsequent cooler temperatures,

and increases in winter precipitation during the

Neoglacial led to generally higher groundwater
tables and greater persistence of lakes and
wetlands in the western Great Basin (Wigand
and Rhode 2002; Tausch et al. 2004).

By way of contrast, studies of high elevation

vegetation change to the south in the Sierra

Nevada defined an early Holocene xerothermic

(Davis et al. 1985; Davis and Moratto 1988;

Anderson 1990; Brunelle and Anderson 2003)

ending by about 7800-6800 cal yr BP, after which
effective precipitation increased, as shown by
expansion of Ahies and other upper montane
species. Intensification of cooling and increased

effective precipitation occurred after ca. 4500 cal

yr BP (Davis et al. 1985), while additional

evidence for cooling at ca. 2600 and 900 cal yr

BP is evident at several locations (Anderson

1990). But, vegetation sequences from middle

elevation sites in the northern Sierra show no
evidence for expansion of Ahies until after ca.

3900 to 4500 cal BP (Edlund 1996). However, the

origination of a semi-permanent wetland, as

determined by aquatic macroscopic remains, in

Flycatcher Basin after ca. 4500 cal yr BP initially

is consistent with its position intermediate

between the Great Basin and Sierran sequences.

The record from Flycatcher Basin # 2, though

covering only a portion of the Holocene, is

important in our understanding of the late

Holocene paleoenvironmental changes that have

occurred in northeastern California. The ca.

4500-year pollen and plant macrofossil record

is interpreted as a generally increasingly mesic

sequence, with a long-term increase in ground-

water recharge, yet interspersed by extended

drought during the last 2000 yr. The paleoen-

vironmental changes in the Flycatcher Basin

wetland are a local expression of a much
broader climatic pattern, as shown by several

studies of higher resolution proxies. The Fly-

catcher Basin demonstrates the long-term, cen-

tennial-to-millennial fluctuations in water avail-

ability in a region of rapidly expanding human
population, with an increasing need for water

resources.
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Abstract

Plant communities in the southern Coast Range of California form a mosaic with discrete to

gradual transitions between multiple vegetation types. To accurately portray this pattern and to

quantify the areal coverage of ecotonal space, a new method of mapping vegetation was developed.

Vegetation stands were classified and mapped in separate GIS layers to the full extent of their

respective suite of indicator species. Since all stands were mapped in this way, the overlap of different

communities in the GIS represents ecotonal space. Vegetation mapping was entirely ground-based
using a GPS receiver. Vegetation classification followed the Holland and Keil scheme. Eleven plant

communities were identified within the 92.6 ha study area. This mapping method revealed that 32% of

the total area was ecotonal and that the majority of plant communities exhibited a greater portion of

their total area as ecotone than as discrete space. This finding suggests that typical vegetation maps
depicting discrete boundaries between all vegetation types may misrepresent a nontrivial proportion of

the area mapped. In addition, because ecotones are ecologically significant and important to

conservation, the portrayal of transitional space between communities is worth consideration in the

future creation of vegetation maps within California.

Key Words: ecotone, full extent, fuzzy boundary, multi-layer mapping, semi-stand, serpentine,

vegetation classification, vegetation map.

The study of ecological boundaries has played

an important role in developing the field of

ecology. Research in this topic is diverse and has

ranged from exploring small-scale boundaries at

the root soil interface (Belnap et al. 2003) to

large-scale boundaries across continents (Thomp-
son et al. 2005; Peinado et al 2007). One of the

most common terms used to express ecological

boundaries is the ecotone. The liberal usage of

ecotone in the literature has spurred many
attempts at reclassification and introduction of

new vocabulary (Kent et al. 1997; Holland 1988;

Strayer et al. 2003). For the purposes of this

study, ecotone is the transition between adjacent

plant communities, as first defined by Clements

(1905).

Because ecotones are the product of adjacent

plant communities, the plant community concept

is central to the concept of the ecotone (Kent et

al. 1997). While Gleason (1926) used ecotones as

part of his argument against the existence of plant

communities and while ongoing debate over

plant community concepts still exist (reviewed

in Tansley 1920; Austin 1985; Mucina 1997),

most vegetation scientists at least acknowledge
the usefulness of recognizing plant communities
and the narrow to broad transitional zones

between them (Barbour et al. 1999). Ecotones

may be the result of various phenomena (Lloyd et

' Current address: Department of Botany and Plant

Sciences, University of California, Riverside, CA 92521,

Email: rstee001@ucr.edu

al. 2000) such as anthropogenic and natural

disturbances (Cadenasso et al. 2003), abiotic and
biotic environmental gradients (Walker et al.

2003), and biological invasion fronts (Hoffman et

al. 2004).

Much has been learned about basic ecology

through the investigation of ecotones (Austin

1985; Gosz 1993; Smith et al. 1997; Kark and van
Rensburg 2006). Nevertheless, these transitional

spaces have often been overlooked by vegetation

scientists who tend to focus on discrete, repeat-

able vegetation types (Risser 1995; Mucina 1997).

This focus on discrete vegetation is also reflected

in the field of vegetation mapping (Kiichler

1988a; Goodchild 1994). Nearly all paper or

digital vegetation maps depict two-dimensional

orthographic canopy cover with complete cover-

age by non-overlapping polygons. An obvious

drawback of this typical approach is that

vegetation stand boundaries are depicted more
discretely than they actually are in the field. As a

result, information about the extent and compo-
sition of ecotones is lost and this renders the

vegetation map less accurate.

The goal of this study was to describe and
analyze the plant communities and ecotones of a

nature reserve in Poly Canyon, located in the

southern Coast Range of California (Fig. 1),

through the use of a high-resolution, multi-layer

approach to local ground-based vegetation map-
ping. This detailed approach resulted in several

noteworthy mapping unit categories: those being

full extent, discrete, ecotone, semi-stand, and total
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Fig. 1. Location of study area in San Luis Obispo County, CA.

overlap (Fig. 2). Full extent corresponds to a

complete stand, including the discrete portion,

and if present, the ecotone portion. The discrete

portion of a stand represents the distinct and
definable area that clearly embodies a classified

plant community or vegetation type. Ecotone
represents the area of overlap between two or

more plant communities, as mentioned previous-

ly (Fig. 3). Semi-stands represent a partial/

incomplete "stand" of one plant community,
lacking any discrete space of its own, that is

entirely within the matrix of a different plant

community (Figs. 2 and 3). A semi-stand togeth-

er with the matrix community resembles an
ecotone in structure and species composition.

The term matrix is used here to represent the

background vegetation with its own unique
structure or composition (Forman and Godron
1981) from the semi-stand that is within it. Total

overlap represents all areas that are not one
discrete vegetation type and is calculated by the

sum of ecotone and semi-stand areas. Specifical-

ly, we wanted to determine the amount of full

extent, discrete, ecotone, semi-stand, and total

overlap area that each vegetation type occupied,

discover which vegetation types shared the

greatest amount of ecotone and total overlap
area with other vegetation types, and measure the

ecotonal and total overlapping space of the study
area.

Study Site

The 93 ha study area is centered near 35 T9'N,
120°39'W (WGS84) within Poly Canyon, a

510 ha natural area NNE of and adjacent to

the core campus of CaHfornia Polytechnic State

University, San Luis Obispo, in San Luis Obispo
County (Fig. 1). Poly Canyon lies along the

southwest foothills of the southern Santa Lucia

Range, part of the larger southern Coast Range.
The canyon is formed from two northeast-to-

southwest trending ridgelines flanking Brizzolara

Creek, a seasonal tributary of Stenner and San
Luis Obispo Creeks. Many hillside springs and
seeps feed the seasonal flow. Elevations range

from around 120 to 345 m. The general slope of

both canyon sides is about 20 (36%) with steeper

local inclines to 45° (100%). Soils within the study

area are mostly of the Los Osos Loam series,

Lodo-Diablo Clay Loam complex, Los Osos-
Diablo complex. Rock Outcrop-Lithic Haploxe-

rolls complexes (serpentine), and Obispo-Rock
outcrop complexes (serpentine) sensu Ernstrom

(1984).

Climate is a cool summer phase of the dry-

summer subtropical ("mediterranean") type of

humid mesothermal climates (Trewartha 1968;

Yahr 1961). Winter high temperatures average

near 18 C, lows average around 6 C. Summer
high temperatures average near 25"C, with

average lows near 11°C. The lowest temperature

recorded on the adjacent core campus was
— 12.7'C and the highest was 44.4 C. Precipita-

tion falls as rain primarily from October through

April, and averages about 558 mm per year.

Typically, less than 25 mm of precipitation is

recorded from 1 May to 30 September, but

overnight and morning fog with near 100%
humidity occurs nearly every night unless drier.
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Fig. 2. Hypothetical vegetation map, composed of three plant communities (A, B, and C), depicting defined map
units utilized to describe the vegetation of the study area.

down-sloping winds descend from the Salinas

Valley over the Santa Lucia Range to overwhelm
the onshore flow of marine air (Felton 1965;

WRCC 2006)

Poly Canyon exhibits high vascular plant

diversity with over 400 species collected thus far

(De Rome 1997). Within the study area rare

plants are present, such as the local serpentine

endemic Calochortus ohispoensis (De Rome
1997). Typical serpentine indicators (Safford et

al. 2005), such as Quercus durata var. durata, are

also frequent. The vegetation of the study area is

Fig. 3. Hypothetical ecotone and semi-stand scenar-

ios and corresponding representative GIS polygon
overlap. A. Ecotone between Mixed Chaparral (left-

side w/corresponding gray GIS polygon) and Southern
Coastal Scrub (right-side w/corresponding striped GIS
polygon). B. A semi-stand of Mixed Chaparral
occurring in a Southern Coastal Scrub matrix.

composed of numerous plant communities, which
are described later in this study.

Methods

The relatively low cost and high precision of

using GPS (Geographic Positioning System) and
GIS (Geographic Information System) technolo-

gies (see Foster 1993) is now ideal for a high

resolution, multi-layer approach to vegetation

mapping where stands (patches of a particular

plant community) are defined by a suite of

indicator species that are mapped to their fullest

extent in separate layers. Since plant communities
integrate, forming gradual to abrupt ecotones

across the landscape, they can be individually

separated into layers of a GIS. This approach
avoids the arbitrary or inconsistent definitions of

stand boundaries that can result from creating

one integrated map that portrays stands as

entirely discrete and not overlapping. Portraying

plant communities and ecotones in this way is

precise and feasible at the local scale (e.g.,

hillside, small nature reserve, rancho, etc.).

Distinct plant communities were classified and
mapped in this study following the Holland and
Keil (1995) plant community classification

scheme and this multi-layer, full extent mapping
approach. Dominant species from the following

categories: tree, shrub, forb, and grass, were also

recorded for each individual stand mapped and
used to further describe the communities and to

provide a cross-reference to vegetation series in

the Manual of Cahfornia Vegetation (Sawyer and
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Keeler-Wolf 1995). Ecotones among the eleven

distinct communities were mapped as the overlap

of their respective polygons in the different GIS
layers (Figs. 2 and 3). The areas of overlap were

then used to quantify community and ecotone

characteristics within the study area using a GIS.

Methodology of the vegetation classification,

mapping, and ecotone analyses are described in

the following sections.

Vegetation Classification

The Holland and Keil (1995) plant community
classification scheme was used to classify the

vegetation of the study area. This classification

scheme distinguishes plant communities primarily

on physiognomy and secondarily on species

composition. Habitat characteristics are also

incorporated when they will increase usefulness

(e.g., coastal sand dune communities, marine

aquatic communities, riparian, vernal pool). This

classification scheme is not all-inclusive of the

plant communities found in California but does

provide a logical framework that is helpful for

classifying vegetation.

During spring 2001, the study area was
traversed by foot to produce a list of plant

communities present. Stands encountered were
examined for physiognomy and dominant species

composition by carefully walking throughout the

discrete portions of each stand. Dominant species

were defined as those plant species that contrib-

uted the greatest cover (Barbour et al. 1999)

based on ranked percentage cover estimates

(Daubenmire 1959; Mueller-Dombois and Ellen-

berg 1974). Once dominant and subordinate

species were recorded for a stand they were
compared to community descriptions in Holland
and Keil (1995) and classified accordingly. The
list of plant communities was then formatted as a

data dictionary and uploaded into the GPS
datalogger for use in mapping and classifying

vegetation polygons in the field.

! Vegetation Mapping

Area Subdivision. Mapping began spring 2001

!
and was completed by spring 2002. The study
area was split into eight subareas that roughly
followed the four major slopes (N-, E-, S-, and
W-facing slopes) of the two prominent hills/

1

ridgelines of the study area. Mapping priority fell

( to stands located on the perimeter of the study
area within each subarea since these stands

typically had less integrating neighboring stands,

and because it was easier to keep track of species

composition and reference vegetation patches
upslope than downslope. Interior (uphill) stands
within a subarea were subsequently mapped until

the subarea was completed. All stands within a

subarea were mapped before moving on to an
adjacent subarea.

Mapping Units. No exact minimum mapping
unit was defined before mapping began but

general guidelines were established based on
two factors: the physiognomy of the stand, and
the context it occurred in. In regard to physiog-

nomy, minimum vegetation units generally in-

creased in size by herb-, shrub-, and tree-

dominated stands, respectively. For example,

the minimum mapping unit of Valley and
Southern Coastal Grassland was smaller than

that for Coast Live Oak Woodland because some
stands of Valley and Southern Coastal Grassland

could be the size of the canopy of one large coast

live oak tree. On the other hand, a single large

coast live oak tree in the middle of Valley and
Southern Coastal Grassland could not be con-

sidered Coast Live Oak Woodland even if it

occupied the same or a bigger areal extent as a

patch of grassland because it was only one
individual and not an assemblage. In regard to

context, if a patch of vegetation appeared to form
a distinct stand based on physiognomy and
species composition compared to adjacent patch-

es, then it was mapped.

Indicator Species. Stand-specific indicator spe-

cies were determined before mapping in order to

delineate the boundary of the stand (i.e., its full-

extent). Indicator species were species with high

cover in the stand, were distributed throughout
the stand, and usually had a life form that

corresponded to the physiognomy of the stand

itself (e.g., shrub species in a shrubland). In a few

instances, species of dissimilar hfe form than the

stand physiognomy were also used (e.g., Rhamnus
californica, a shrub, used as an indicator for

Coast Live Oak Woodland). If an indicator

species was also common within an adjacent

stand it was removed from the list of indicator

species.

Thus, suites of indicator species (differential

species) collectively exhibit high fidelity (strong or

exclusive correlation), within-stand constancy

(continuous presence), and area-of-occupancy

within discrete vegetation associations (sensu

Braun-Blanquet 1965; Kent and Coker 1992),

and are uncommon or absent in adjacent

associations. Sometimes, only one indicator

species met these criteria, but often several species

were needed. The suite of indicator species was
stand specific and not all stands classified as the

same plant community were necessarily repre-

sented by the same suite of indicator species.

Semi-stands. Semi-stands are a low density

patch, lacking any discrete space of their own,
and composed of one or more species typical of

one community that is located entirely within

another community. The resulting mix of species
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from both the community representing the semi-

stand and the community representing the matrix

resembles an ecotone in structure and species

composition. In these cases, the low density patch

of species (semi-stand) was mapped so that where
it overlapped with the matrix community, it

would represent the ecotone-like assemblage that

occurred there. For example, a number of hard-

stemmed sclerophylous shrub species common to

the Mixed Chaparral of the study area were
within a stand of Southern Coastal Scrub that

was dominated by soft-stemmed drought decid-

uous shrubs of a relatively lower stature.

Collectively, these Mixed Chaparral species did

not form a discrete stand of Mixed Chaparral
because their cover and density was too low, but

the patch of chaparral shrubs embedded in the

scrub matrix resembled the ecotone between
Mixed Chaparral and Southern Coastal Scrub
(Fig. 3). In this example there was no discrete

area belonging to the matrix community or

belonging to the community representing the

semi-stand, yet quantifying discrete space was a

goal for this study, so these areas could not be

overlooked.

Two main possibilities for mapping this

situation were considered. Either one could map
the area as discrete space that represented a

unique community (in this case a stand of Mixed
Chaparral\Southern Coastal Scrub co-dominated
by Cercocarpus hetuloides and Artemisia califor-

nica) with no ecotonal space between the

surrounding Southern Coastal Scrub, or one
could map the low density patch of Mixed
Chaparral shrubs and overlay it on the matrix

patch of Southern Coastal Scrub to represent the

ecotone-like assemblage. The later alternative

was chosen since it was conceptually similar to

the method used to map ecotonal space, because

it would avoid the classification of potentially

numerous new communities formed from the

combinations of the eleven vegetation types

found in Poly Canyon, and because it seemed
likely in most of these situations that the semi-

stands together with the matrix vegetation

represented a successional stage from one vege-

tation type to another and not a static or stable

vegetation type (further monitoring would be

required in order to confirm this). Thus, semi-

stands were classified and mapped where physi-

ognomy and species composition within a dis-

crete matrix patch approached characteristics of

a separate plant community, mimicking an
ecotone but lacking the full transition to a

discrete stand of the semi-stand vegetation type.

Field Mapping Sessions. Once the plant com-
munity and indicator species had been deter-

mined for a stand or semi-stand, it could then be
mapped. Master lists of plant communities and
species based on field data gathered during

previous inventories (De Rome 1997; Curto
2000) and this project were formatted as a data
dictionary uploaded into a GeoExplorer® III

(Trimble Navigation Limited, Sunnyvale, CA)
mapping-grade GPS receiver used to map vege-

tation polygons and assign their dominant species

attributes in the field. Vegetation polygons were
created by slowly walking the receiver around the

border of each stand while GPS positions were
logged at three-second intervals. Stand borders

were based on the full extent of respective suites

of indicator species (Figs. 2 and 3). Mapping
sessions were planned around times in the day
when the GPS precisional dilution of position

(PDOP) was lowest (^4) resulting in the highest

positional accuracy. In a few instances, topogra-

phy or a dense canopy would obstruct the GPS
unit from satellite view enough that the desired

PDOP was not achieved.

GPS and GIS Data Processing. GPS data were
differentially corrected (horizontal accuracy
±1 m) using Trimble® GPS Pathfinder® Office

2.80 (Trimble Navigation Limited, Sunnyvale,

CA) before import to the GIS (ArcView®, ESRI,
Redlands, CA) relative to the nearest base station

at Vandenberg Air Force Base. Differentially

corrected stand polygons were edited in the GIS
to correct any points determined to be outliers by
comparison to other points in the polygon while

overlaid on background orthophotographs
(which had 1 m resolution). The few stands thati

were partially mapped at a higher PDOP than 4

were carefully scrutinized.

Relational Species Lists. After all mapping was
completed in spring 2002, lists of the top three

species with the highest cover in each of the

following categories: tree, shrub, forb, and grass,

were created for every stand and semi-stand

mapped. All polygons were revisited and the

species were determined based on ranked per-

centage cover estimates (Daubenmire 1959;

Mueller-Dombois and Ellenberg 1974). The
species were recorded in rank order within each

growth form category and were linked to their

respective polygon on the GIS using the attribute

:

table. Nomenclature followed Hickman (1993).

This was done to establish a baseline of the

dominant growth forms in each stand for future

reference. In addition, the lists were used to

provide basic floristic descriptions of each plant

community mapped and to reconcile the plant

communities classified in Holland and Keil

(1995) with their respective vegetation series in

the Manual of California Vegetation (Sawyer andj

Keeler-Wolf 1995). !

Ecotone Analysis '

Geoprocessing functions of the GIS (ArcGIS®,

ESRI, Redlands, CA) were used to ascertain the
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amount of total overlap (ecotone plus semi-

stand) among communities. Specifically, the

union, intersect, and dissolve processes were used

to create layers of discrete vegetation and total

overlap for each individual stand, plant commu-
nity, and for Poly Canyon as a whole, based on
the eleven layers of plant communities. Where
stands and semi-stands of different plant com-
munities overlapped, the intersect process would
create a new layer representing that overlap (or

intersection) between the two communities. This

was performed for every combination of plant

communities. In addition, all of the overlap layers

created were combined for each community, and
for the entire study area, with the union process.

The dissolve process was then used to remove
boundaries within contiguous areas to form
single polygons representing total overlap of the

entire study area. The end products represented

total overlap (ecotone plus semi-stand) for the

entire study area, by plant community, and by
individual polygons. Discrete space was then

calculated by subtracting total overlap from the

original data to determine values for the entire

study area and for each plant community. To
determine ecotonal area, all semi-stand polygons

were deleted from copies of the shape files

representing all of the plant communities. Then,
the same procedure as described above was
implemented with the geoprocessing functions

of the GIS to obtain the amount of ecotonal area.

The end product represented ecotone space for

the entire study area, by plant community, and by
individual polygons.

Results

I Vegetation Classification

Eleven plant communities were identified using

the Holland and Keil (1995) classification

scheme. Descriptions of each plant community
are listed below. The numbers of stands with

discrete area for each plant community are

written in parentheses following the name of
the plant community. Species information within

each description was derived from the surveys of
the three most dominant species within each
growth form (i.e., tree, shrub, forb, and grass),

which were recorded for each stand mapped. The
species data used in the descriptions were based
solely on stands containing discrete area (i.e.,

species information from semi-stands was not
used). Woody perennials that exhibited a suffru-

tescent or vine-like growth form were included in

the forb category.

Several communities, such as Yucca\Bunch-
grass Scrub, Serpentine Chaparral, and Califor-

:

nia Bay\Leather Oak Mosaic, were suspected of

j

indicating serpentine soil in the study area based

j
on the consistent presence of serpentine indicator

i

!

species (Safford et al. 2005) and the appearance
of the substrate found within their stands. While
no soil samples were collected to analyze for

serpentine characteristics, when stands of these

vegetation types were overlaid on a soil map
(Ernstrom 1984), all three were found on
serpentine soils. Most Native Bunchgrass Grass-

land stands also overlapped with serpentine soils

(serpentine bunchgrass sensu CNDDB 2003) but

a few stands were also found in non-serpentine

soils.

Finally, the corresponding Manual of Califor-

nia Vegetation (MCV) (Sawyer and Keeler-Wolf

1995) vegetation series are listed at the bottom of

each description for cross-reference purposes,

and are designated by "MCV". Some of the

series encountered were not in the manual but

were still named using the format described in the

MCV. Asterisks (*) indicate those vegetation

types that have not been previously described by
Holland and Keil (1995), Sawyer and Keeler-

Wolf (1995), or by other classifications or studies

(i.e., EpHng and Lewis 1942; Munz and Keck
1949; Thorne 1976; Kirkpatrick and Hutchinson
1977; Paysen et al. 1980; Westman 1983; Holland
1986; Barbour and Major 1988; Desimone and
Burk 1992; Rodriquez-Rojo et al. 2001; CNDDB
2003).

Valley and Southern Coastal Grassland (11) -

Dominated by various nonnative annual grass

species from the genera Avena, Brachypodium,
Bronius, Hordeum, and Lolium. Nassella pulchra

was recorded as exhibiting high cover in several

stands but never was the dominant. Nonnative
forbs included Foeniculum vulgare, Hirschfeldia

incana, Rumex crispus, and Vicia villosa, among
others. Native forbs included Eschscholzia cali-

fornica. Ranunculus californicus, and Sisyrinchium

helium, among others. MCV = California Annu-
al Grassland.

Native Bunchgrass Grassland (7) Dominated
by two species of native perennial bunchgrass

species, either Melica imperfecta or Nassella

pulchra. Other native grasses included Nassella

lepida. Annual grasses included Vulpia microsta-

chys and nonnatives typical of Valley and
Southern Coastal Grassland. Forbs included

Bloomeria crocea, Calochortus clavatus subsp.

clavatus (List 4.3 - CNPS 2007), Cryptantha

clevelandii, Galium porrigens, Grindelia hirsutula,

Layia platyglosa. Plantago erecta, Sisyrinchium

helium, Stachys hullata, and Trifolium willdenovii.

MCV = Purple Needlegrass (5); *Onion Grass

(2).

*Yucca\Bunchgrass Scrub (2) - Co-dominated
by Yucca whipplei and Nassella lepida. In

addition, soft-stemmed shrubs characteristic of

Southern Coastal Scrub collectively contributed

high cover, notably Artemisia californica, Lotus

scoparius, and Mimulus aurantiacus. Forbs with

the highest cover included Chorizanthe palmer

i
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(List 4.2 - CNPS 2007), Eschscholzia californica,

Plantago erecta, Selaginella bigelovii, and Stachys

buUata. Other grasses included Melica imperfecta,

Nassella pulchra, and Bromus madritensis. MCV
= *Chaparral Yucca\Purple Needlegrass.

Southern Coastal Scrub (17) - Dominated by
soft-stemmed shrubs, including Artemisia califor-

nica, Mimulus aiirantiacus. Salvia mellifera, or

Toxicodendron diversilobum. One stand on the

southwest corner of the study area near the core

campus was dominated by non-native Opuntia

ficus-indica. Other shrubs included Baccharis

pilularis, Hazardia squarrosa, Lotus scoparius,

Lupinus cdbifrons, and Rhamnus crocea. Forbs
with the highest cover exhibited a vine or vine-

like growth form, such as Calystegia macrostegia,

Galium californicum, Keckiella cordifolia, and
Senecio mikanioides. Other forbs included Achil-

lea millefolium, Carduus pycnocephalus, Conium
maculatum, Gnaphalium californicum, and Salvia

spathacea, among others. Grasses with the

highest cover were nonnative annuals typical of

Valley and Southern Coastal Grassland, notably

Brachypodium distachyon. MCV = California

Sagebrush (6); *Sticky Monkey Flower (2); Black

Sage (5); *Poison Oak (3); *Indian-Fig (1).

Chamisal Chaparral (1) - Dominated by
Adenostoma fasciculatum. Cercocarpus betuloides

and Salvia mellifera were also present. No forbs

were found. Grasses with the highest cover were
nonnative annuals typical of Valley and Southern
Coastal Grassland. MCV = Chamise.

Mixed Chaparral (1) - Codominated by
Adenostoma fasciculatum and Cercocarpus betu-

loides. Rhamnus crocea had the third highest

shrub cover. One individual of Arctostaphylos

luciana (List 1B.2 - CNPS 2007) was also found.

Forbs with the highest cover were Keckiella

cordifolia. Salvia spathacea, and Symphoricarpos
mollis. Grasses with the highest cover were
Bromus diandrus, Leymus condensatus, and Nas-
sella lepida. MCV = *Birchleaf Mountain-
Mahogany - Chamise.

Serpentine Chaparral (61) - Dominated by the

strict serpentine endemic Quercus durata var.

durata (Holland and Keil 1995; Safford et al.

2005). Cercocarpus betuloides and Rhamnus
crocea were occasional, and Garrya veatchii was
rare. Forbs with the highest cover were Calyste-

gia macrostegia, Galium californicum, and Stachys

bullata. Grasses with the highest cover were
Bromus diandrus, Bromus madritensis, Leymus
condensatus, Melica imperfecta, and Nassella

pulchra. MCV = Leather Oak.
*California Bay\Leather Oak Mosaic ( 1 ) - Co-

dominated by Umbellularia ccdifornica and Quer-

cus durata var. durata. Quercus berberidifolia and
Rhamnus crocea had the second and third highest

cover in this stand, respectively. Forbs and
grasses with the highest cover were similar to

those found in Serpentine Chaparral. This

community exhibited a bi-modal physiognomy
appearing as an equal and even mixture of an
open-canopied, reduced form of Central and
Southern Mixed Evergreen Forest (see Holland
and Keil 1995) and Serpentine Chaparral. The
California Bay\Leather Oak Mosaic was restrict-

ed to seeps on steep slopes in serpentine soils

dominated by Yucca\Bunchgrass Scrub, and was
therefore always mixed with Yucca whipplei in the

understory or dripline. Only one stand exhibited

discrete vegetation apart from the YuccaVBunch-
grass Scrub matrix. This community might be
similar to the "Leather Oak-California Bay-
Rhamnus spp. Mesic Serpentine NFD Super
Alliance" found in Napa County by Thorne et

al. (2004). MCV = *California Bay\Leather Oak.
*Toyon Woodland (6) - Although toyon

{Heteromeles arbutifolia) is commonly recorded

as a shrub in California vegetation (Holland and
Keil 1995), within this study area it exhibited

both a shrub and tree form. Heteromeles
arbutifolia trees were the dominant component
of the Toyon Woodland. Prunus illicifolia had the

second highest cover in this community and
Quercus agrifolia and Sambucus mexiccma were
also important tree components. Shrubs with the

highest cover included Holodiscus discolor and
also species common to the study area's Southern
Coastal Scrub. Forbs with the highest cover were
Carduus pycnocephalus, Stachys bullata, and
Torilis arvensis. Grasses with the highest cover

included Brachypodium distachyon, Leymus con-

densatus, and Mehca imperfecta. MCV = *Toy-
on.

Coast Live Oak Woodland (11)- Dominated
by Quercus agrifolia. Heteromeles arbutifolia and
Umbellularia ccdifornica were common trees with

high cover. Shrubs with high cover included

species common to the study area's Southern

Coastal Scrub, notably Toxicodendron diversilo-
\

bum. Forbs with high cover included Carduus
]

pycnocephalus, Galium porrigens. Salvia spatha-

cea, Solidago ccdifornica, and Stachys bullata.

Grasses with high cover included Elymus glaucus,

Melica imperfecta and nonnative grasses indica-

tive of Valley and Southern Coastal Grassland, i

MCV - Coast Live Oak.
,!

Valley and Foothill Riparian ( 1 1 ) - In the study

area, ten Valley and Foothill Riparian stands

exhibited a woodland physiognomy while one

stand exhibited an open shrubland physiognomy.

The ten Valley and Foothill Riparian woodlands
,

were dominated by Platanus racemosa, Q. agri-

folia, Salix lasiolepis, or U. californica. Other

trees, such as Salix laevigata and Heteromeles

arbutifolia, were occasional. Baccharis pilularis,

Rhamnus californica, and Toxicodendron diversi-

lobum had the highest shrub cover in these i

woodlands. Forbs with high cover included]

Carex senta, Juncus patens, Helenium puberulum,

,

Mimulus guttatus, Rorripa nasturtium-aquaticum.
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and Rumex crispus. Grasses with the highest

cover included Agrostis viridis, Elynms gkiucus,

Phalaris aquatica, Piptatherum nulliaceuuh and
nonnative annuals indicative of Valley and
Southern Coastal Grassland. The one shrub

stand of Valley and Foothill Riparian was
located adjacent to fenced-off cattle pasture on

the western edge of the study area. It appeared

that cattle had grazed this stand in the past based

on numerous ruts found along the contours of

sloped sections. The stand was dominated by
Baccharis pilidaris while Ricinus communis had
the second-highest cover. Typha latifolia and a

Jimcus sp. had the highest forb cover, and Lolium

multiflorum had the highest grass cover. MCV =
California Sycamore (2); Coast Live Oak (2);

Arroyo Willow (2); *Bay Laurel (4); *Coyote
Bush(l).

Vegetation Map

Eleven plant community layers and an anthro-

pogenic disturbance layer were created (Fig. 4).

Total area mapped was 92.6 ha and was made up
of 229 vegetation polygons. Anthropogenic areas

covered about 3% (21 polygons) of the total area

mapped and represented plantings, such as a

Eucalyptus stand, and severely disturbed locales

such as roads, irrigated pastures, and a small

landfill/quarry. Anthropogenic coverage was
excluded from all analyses. The three most
extensive plant communities as a function of full

extent areal coverage were, in descending order,

Yucca\Bunchgrass Scrub, Native Bunchgrass
Grassland, and Valley and Southern Coastal

Grassland (Table 1). When ranking the three

most extensive plant communities as a function

of discrete areal coverage, the only change was
that Valley and Foothill Riparian had more
coverage than Valley and Southern Coastal

Grassland. The three plant communities with

the least full extent areal coverage were, in

descending order, Chamisal Chaparral, Serpen-

tine Chaparral, and Toyon Woodland. When
ranking the plant communities with the least

discrete areal coverage, the ranking became
California Bay\Leather Oak Mosaic, Toyon
Woodland, and then Serpentine Chaparral.

Serpentine Chaparral had the highest number
of stands with discrete space, at 61, while

Cahfornia BayVLeather Oak Mosaic, Chamisal
Chaparral, and Mixed Chaparral were represent-

ed only by one stand with discrete area (Table 1 ).

The largest mapped stand with discrete space was
of Yucca\Bunchgrass Scrub, at 192,676 m-, while
the smallest stand mapped was of Serpentine
Chaparral, at 9 m-. Serpentine Chaparral also

had the highest number of semi-stands at 45 while

Chamisal Chaparral and Valley and Foothill

Riparian had none. The largest semi-stand was
of California BayVLeather Oak Mosaic, at

13,680 m-, while the smallest semi-stand was
YuccaVBunchgrass Scrub, at 4 m-.

Ecotone Analysis

Out of the 89.9 ha of mapped vegetation (not

including anthropogenic cover), 54.8 ha (61%)
was discrete, non-overlapping vegetation, and
35.1 ha (39%) was overlap (ecotone plus semi-

stand). When all semi-stands were removed and
the analyses repeated, the study area was found
to have 32.5 ha (36%) of ecotone (Fig. 5). Of all

vegetation coverages, Yucca\Bunchgrass Scrub
and Native Bunchgrass Grassland occupied the

largest total area (discrete plus overlap) and
discrete coverage, respectively. The plant com-
munity with the highest amount of ecotone

(176,399 m-) and highest amount of total overlap

(179,942 m-) was Native Bunchgrass Grassland.

Only Chamisal Chaparral, Valley and Foothill

Riparian, and YuccaVBunchgrass Scrub exhibited

discrete areal coverages more than 50% of their

respective total areas (Fig. 6). The other eight

plant communities had more of their area

represented as ecotone than as discrete areal

coverage. Thus, in general, a greater percentage

of each community's full extent areal coverage

was ecotonal, even though the majority of the

study area was discrete space.

Finally, each plant community's ecotone and
total overlap were analyzed to deteiTnine which
other communities contributed or shared the

majority of that area (Table 2). Southern Coastal

Scrub was found to have the greatest areal

contribution with the most number of plant

communities. Valley and Southern Coastal
Grasslands had the second greatest areal contri-

bution to both ecotone and total overlap space

with the most plant communities.

Among the 79 semi-stands, 51.9% were found
within Yucca\Bunchgrass Scrub, 22.1% within

Native Bunchgrass Grassland, 20.2% within

Valley and Southern Coastal Grassland, 2.9%
within Southern Coastal Scrub, 1.9% within

Valley and Foothill Riparian, and 1.0% within

Mixed Chaparral. All of the semi-stands in

Yucca\Bunchgrass Scrub and Native Bunchgrass

Grassland were on serpentine soil based on the

overlay of a soils map (Ernstrom 1984). On non-

serpentine soils, semi-stands were relatively less

common but they were most often found in a

matrix of Valley and Southern Coastal Grass-

land, then Southern Coastal Scrub.

Discussion

Vegetation Classification

Based on the Holland and Keil classification

scheme, 1 1 visually distinct plant communities
were mapped. If a more detailed classification
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C.L.O.W.

V.F.R.

Anthropogenic

Fig. 4. Composite vegetation map of study area depicting eleven plant communities and an anthropogenic

disturbance coverage. V.S.C.G. - Valley and Southern Coastal Grassland; N.B.G. - Native Bunchgrass Grassland;

Y.B.S. - Yucca\Bunchgrass Scrub; S.C.S. - Southern Coastal Scrub; C.C. - Chamisal Chaparral; M.C. - Mixed
Chaparral; S.C. - Serpentine Chaparral; C.B.L.O. - CaHfornia Bay\Leather Oak Mosaic; T.W. - Toyon
Woodland; C.L.O.W. - Coast Live Oak Woodland; V.F.R. - Valley and Foothill Riparian.
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Table 1. Spatial Characteristics of the Study Area's Plant Communities. Total area represents full

extent and semi-stand polygons collectively.

Full

Total Area Extent Semi-Stands

Area % study Rank # of # of # ofTr
Plant Community (ha) area order polygons polygons polygons

Valley and Southern Coastal Grassland 24.8 27.6 3 14 11 3

Native Bunchgrass Grassland 28.1 31.3 2 9 7 2
Yucca\Bunchgrass Scrub 30.3 33.7 I 20 2 18

Southern Coastal Scrub 16.1 17.9 4 20 17 3

Chamisal Chaparral 0.9 1 11 1 1 0

Mixed Chaparral 3 3.4 8 2 1 1

Serpentine Chaparral L8 2 10 106 61 45
California Bay\Leather Oak Mosaic 3.5 3.9 7 4 1 3

Toyon Woodland 2.2 2.5 9 9 6 3

Coast Live Oak Woodland 7.4 8.2 6 12 11 1

Valley and Foothill Riparian 9.4 10.5 5 11 11 0

scheme, such as MCV, had been applied, then

several more vegetation types would have resulted

from the spHt of Native Bunchgrass Grassland,

Southern Coastal Scrub, and Valley and Foothill

Riparian communities, as noted in the results.

Because the vegetation of the study area has been
mapped at a fine scale and lists of the three most
dominant tree, shrub, forb, and grass species are

B. 500

Fig. 5. Ecotone and total overlap as percentages of study area. Anthropogenic area is depicted as gray coverage
and was not included in any areal analyses. A. 36% of study area is ecotonal space. B. 39% of study area is

total overlap.
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Fig. 6. Percent of each plant community's total area

(see Table 1) that is discrete (black), ecotone (white),

and semi-stand (grey). For example, 30.6% of all

V.S.C.G. mapped area is discrete, 68.5% is ecotone,

and 0.9% is semi-stand. See Fig. 4 for abbreviation

meanings.

linked relationally to polygons in the GIS, a more
detailed classification scheme with greater resolu-

tion could be applied in the future. However,
crosswalking to a classification scheme with finer

hierarchical detail, specifically the association

level in the CNDDB (2003), may not be possible

for all plant communities of the study area

without further quantitative cover estimates.

There are potentially many undescribed vege-

tation types in California. Three out of the eleven

plant communities found in the study area were
previously undescribed. Another recent classifi-

cation and mapping effort (Thorne et al. 2004)
also documented a high proportion (54%) of

undescribed communities. California has the

greatest vegetation type diversity in the nation

(Sawyer and Keeler-Wolf 1995) and much work
remains to classify its vegetation, which is an
important goal for conservation (Margules and
Pressey 2000). In addition, serpentine soils are

known to harbor unique plant species and
communities (Kruckeberg 1992, 1999; Harrison
et al. 2000) and further work to classify vegetation

types associated with this substrate may be
especially fruitful and beneficial to conservation.

Vegetation Map

In vegetation mapping, the purpose (e.g.,

regional planning, forestry, etc.), spatial extent

of the vegetation (Kiichler 1953; Kiichler 1988b;

Franklin and Woodcock 1997; Stohlgren et al.

1997) , and mapping technique (Thorne et al.

2004) influence the resolution and accuracy of the

map. Although accurate regional vegetation

maps have been created using remote sensing

techniques (Driese et al. 2004; Hong et al. 2004;

Thorne et al. 2004), the delineation of boundaries

between communities can be challenging because
soil surface reflectance can influence signal

properties (Abeyta and Franklin 1998), similar

spectral signatures between adjacent patches can
result in misclassification or incorrect stand

delineation (Goodchild 1994), and transitions

don't always represent multiple-class membership
of pixels (Schmidtlein and Sassin 2004). Because
of these problems, higher resolution imagery or

boundary ground-truthing (Abeyta and Franklin

1998) are needed to improve boundary dehnea-

tion in regional maps. For local scale maps,
stands can be mapped that are too small to be

detected with remote sensed technology (Miya-
moto et al. 2004). It is also at the local scale that

ecotones may be most conspicuous and difficult

to ignore. Therefore, adopting the method
presented herein or by Miyamoto et al. 2004
(used for sharp wetland boundaries) may be

advantageous when depicting vegetation at the

local scale.

To our knowledge, this is the first vegetation

map that depicts plant communities by their full

Table 2. The Most Overlapping Vegetation Type (MOV) as a Percent of Each Plant Community's
Ecotone and Total Overlap Areas. The MOV remained the same for every plant community for both ecotone

and total overlap areas. N.B.G - Native Bunchgrass Grassland; V.S.C.G. - Valley and Southern Coastal

Grassland; S.C.S. - Southern Coastal Scrub; Y.B.S. - Yucca\Bunchgrass Scrub. For example, N.B.G. occupied

68.8% of V.S.C.G. total ecotone space, and 67.8% of V.S.C.G. total overlap space.

Most Overlaping Veg. MOV as % MOV as % of Total

Plant Community Type (MOV) of Ecotone Overlap

Valley and Southern Coastal Grassland N.B.G. 68.8 67.8

Native Bunchgrass Grassland V.S.C.G. 64.7 65.4

Yucca\Bunchgrass Scrub N.B.G. 51.5 47.4

Southern Coastal Scrub V.S.C.G. 44 45

Chamisal Chaparral S.C.S. 90.3 90.3

Mixed Chaparral S.C.S. 82.5 67.8

Serpentine Chaparral Y.B.S. 92.9 96.5

California Bay\Leather Oak Mosaic Y.B.S. 90.5 90.5

Toyon Woodland S.C.S. 54.7 45

Coast Live Oak Woodland S.C.S. 43.4 41.4

Valley and Foothill Riparian V.S.C.G. 50.7 50.9
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extent in a multi-layered approach, thus also

representing ecotonal space. In this map, the lack

of artificial boundaries between communities

may result in a more precise vegetation map than

contemporary mapping techniques implemented

at a similar scale. However, this ground-based

method of vegetation mapping might not always

be feasible or appropriate for other mapping
efforts. Regardless of the methods utilized in

future vegetation maps, we think they can be

greatly improved upon by accounting for ecoto-

nal space and clearly stating how mapping unit

boundaries are defined.

Ecotone Analysis

The mixture of different soil types, together

with the diverse topography, resulted in a number
of plant communities with a heterogeneous

distribution and structure across a small land-

scape. These factors also contributed to the

equally varied distribution, structure, and extent

of ecotones in the study area. In general,

communities with many stands and large total

areal coverage were found to have the highest

amount of ecotone with other plant communi-
ties as a percent of the study area, except for

Valley and Foothill Riparian vegetation. Not
surprisingly, the sharpest boundaries or narrow-
est ecotones were between hydrophytic and
adjacent upland communities (Walker et al.

2003).

In the field, plant community boundaries also

appeared to be strongly associated with sharp or

gradual transitions between soil types, although
transitional areas were not depicted on the

1:24,000 scale soil map (Ernstrom 1984). Other
factors, such as succession and biological inva-

sions may also be important. Southern Coastal

Scrub, which had high overlap with other

communities, can be serai in this region (Call-

away and Davis 1998) and Valley and Southern
Coastal Grassland, which also exhibited high

ecotonal overlap with multiple communities, is

dominated by invasive grasses (D'Antonio and
Vitousek 1992; Seabloom et al. 2003). If nonna-
tive grasses become more successful through
disturbance (Stylinski and Allen 1999; Keeley et

al. 2005), adaptation to serpentine soils (Harrison
et al. 2001), air pollution (Huenneke et al. 1990;

Weiss 1999; Fenn et al. 2003), or possibly climate

change (Dukes and Mooney 1999), then ecotone
, space resulting from invasion fronts (Hoffman et

al. 2004) could greatly increase since much of the

study area is surrounded by Valley and Southern
Coastal Grassland.

The large proportion of semi-stands that

I occurred on serpentine soils most likely reflects

the high amount of seeps and springs that are

associated with this substrate (Kruckeberg 1984).

Most of the serpentine soil was covered in

Yucca\Bunchgrass Scrub and Native Bunchgrass
Grassland, which served as the matrix communi-
ties for the majority of semi-stands. The semi-

stands found within these vegetation types

appeared to be highly associated with seeps and
were approaching larger structural physiogno-
mies compared to matrix communities, such as

shrubland (e.g.. Serpentine Chaparral), or a

combination of shrubland and woodland (e.g.,

California Bay\Leather Oak Mosaic). Hydrology
is important in structuring serpentine vegetation

and ecotones (Tolman 2006), and if it were not

for the large number of seeps at the study site,

semi-stands probably would not have been as

common. In addition, it is likely that seeps with a

greater amount of available water provided the

conditions necessary for discrete Serpentine

Chaparral to form, reflected by their large

number of small sized stands (Fig. 4). Semi-

stands were most abundant within serpentine

substrate, but in general, were a small component
of the study area (Fig. 5).

While mapping vegetation as described above
portrays the areal extent of ecotone between
adjacent stands, such mapping does not reveal

the specific composition of the ecotone. Ecotones
can consist of more individuals or areal cover of

one community type than of the other, and/or

include unique species. The methodology pre-

sented herein will provide the areal extent of the

ecotone, but additional observations within the

ecotone must be performed if detailed species

composition, vegetation structure, or vegetation

classification are important.

Conclusion

In Poly Canyon, plant communities form a

multi-layer mosaic of stands that vary in shape

and size over the landscape. These communities
overlap and integrate forming relatively gradual

to discrete ecotones. The major advantage of

mapping vegetation to its fullest extent, as

described herein, is to obtain a more accurate

and precise representation of plant community
organization. Furthermore, community classifi-

cation and stand boundary delineation is also

accurate because the data is derived directly from
ground-based observations, rather than through
remote sensing (e.g., Hulbert and French 2001).

This method may also be useful in documenting
change in plant community boundaries because

the ecotonal areas mapped by this method may
be the most dynamic portion of the landscape

(Risser 1995).

While ecotones are often studied to understand
environmental gradients and natural processes,

the actual portrayal of ecotones on vegetation

maps has been neglected. It is therefore notewor-
thy that about one third of the vegetation in this

study was ecotonal and that the majority of plant
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communities exhibited a higher proportion of

their total area as ecotone rather than discrete

space. These findings suggest that, in some
instances, vegetation maps created with arti-

ficial community boundaries may misrepresent a

large portion of the mapped area. This misrep-

resentation results from forcing single-layer

canopy coverage on complex vegetation mosaics,

such as those found on the central coast of

Cahfornia.

Although a significant proportion of the study

area was found to be ecotonal space, this finding

may not be representative of nearby sites with

similar area or central coast vegetation at

different scales. This ground-based approach
may also not be suitable for the depiction of

vegetation greater than the local scale, although

the concept of mapping stands of vegetation to

their full extent in order to capture ecotonal space

could be incorporated into regional mapping
methodology. An understanding of the charac-

teristics and amount of ecotonal space at multiple

scales would be beneficial and an important

direction for future research. As this study has

shown, ecotones can comprise a large portion of

the landscape. Furthermore, ecotones can be

areas with high species diversity (Risser 1995),

and they may be the most responsive landscape

unit to climate change (Kark and van Rensburg
2006) and an important source of evolutionary

novelty (Smith et al. 1997). Inclusion of ecotones

in vegetation maps would result in more realistic

depictions and could increase usefulness towards
conservation efforts.
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Abstract

Mount Pinos at the western margin of the Transverse Ranges of Southern California, reaches

2692 m in elevation at its peak. The broad summit of the mountain supports an area of subalpine

fellfield vegetation, as well as an unusual low elevation occurrence of limber pine {Pinus flexilis). We
describe the summit area of the mountain and characterize the community structure and
ecophysiology of the fellfield community and associated pines. The fellfield community, dominated
by low mats and cushions of Eriogonum kemiec/yi. Phlox diffusa, and Lupinus hreweri var. bryoides,

has a mean plant cover of 44%. These fellfield species have amphistomatic leaves with abundant,

slender palisade cells on both sides of the mesophyll. These traits represent a strategy shared with

desert plants. Amphistomaty helps to increase assimilation by maximizing stomatal conductance to

CO2 during the gas phase of diffusion, and the isolateral mesophyll maximizes diffusion of CO2 by
exposing a very high mesophyll membrane area per leaf surface area. However, the mean maximum
rates of assimilation measured for Phlox diffusa, Eriogonum kennedyi, Astragahis purshhii var. tinctus,

and Lupinus hreweri var. hryoides were 6.8 to 13.9 |amol CO2 m"- s"', placing them in the lower range

of those measured in alpine areas of the world.

Key Words: fellfield, Massenerhebung effect. Mount Pinos, photosynthetic rate.

Mount Pinos, with a summit reaching 2692 m,
forms the western end of the Transverse Ranges
of California. The mountain holds much botan-

ical interest because it lies at a junction between
the Coast Range to the north, the Transverse

Ranges to the east, the San Joaquin Valley to the

northeast (Fig. 1), and with a well-developed

desert community of single-leaf pinyon pine

{Pinus monophylla) and sagebrush {Artemisia

tridentata) on its eastern flanks. Having high

elevation, its flora is strongly related to that of
the Sierra Nevada but it is well isolated across the

Mojave Desert from this range.

With the exception of a single community
study of Jeffrey pine {Pinus jeffreyi) forest stands

on the south slope of Mount Pinos (Vogl and
Miller 1968), there have not been ecological

studies of this remarkable area. Our interests

have focused on two aspects of the summit area

where subalpine plants occur well below their

normal range of distribution. One of these is the

presence of a large fellfield community of
herbaceous perennial cushions and low herbs on
thin granitic soil (Fig. 2a, b), while the other is

the unexpected occurrence of the subalpine
conifer Pinus flexilis. Our objectives for this

study were to describe the summit area of the

mountain and to characterize the community
structure and ecophysiology of the fellfield

community and associated pines. Species taxon-
omy in this paper follows Hickman (1993).

Study Area

Mount Pinos along with nearby Frazier

Mountain (2365 m) are prominent mountain
massifs immediately south of the San Andreas
fault in the western Transverse Ranges of
Southern Cahfornia. These mountains are sepa-

rated from the west-east trending San Emigdio
and Tehachapi Ranges to the northeast by the

trough of the San Andreas Fault, which is

responsible for the steep north slope of Mount
Pinos, while the Big Pine Fault separates Frazier

Mountain from Mount Pinos (Dibble 1982).

Geologic maps of these features can be seen in

Kellogg (2004). These mountains, which have
been variously considered the southeastern cor-

ner of the California Coast Ranges and the

western margin of the Transverse Ranges, are

characterized by a low profile and broad (several

km-), nearly flat-topped summits. Both have
unusual geology resulting from the thrusting of

granitic and gneissic basement rock over sedi-

mentary rock as young as the Pliocene.

Although it was once felt that the summits of

Mount Pinos and Frazier Mountain were lem-

nants of old erosional surfaces (Dibble 1982),

recent studies suggest a different tectonic history

(Kellogg 2004). Crystalline rocks underlying both

mountain massifs are thoroughly fractured and
crushed, being thrust above easily deformable
Miocene and PUocene sandstone, mudstone, and
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Fig. 1 . Location of Mount Pinos on the western end of the Transverse Ranges on the boundary Une between
Ventura and Kern Counties.

shale formations below. Late Pliocene and early

Quaternary thrusting associated with regional

uplift and ongoing seismic activity of the San
Andreas Fault have resulted in deep shattering of

the granitic bedrock.

Field studies were conducted within the 206-ha
Botanical Research Area comprising the broad
summit area of Mount Pinos (lat. 34.48.7°N,
long. 119.08.4°W) in the Los Padres National
Forest. Our work was carried out in a subalpine

fellfield community and adjacent open pine

stands at 2650-2670 m on north- and south-

facing slopes adjacent to the dirt access road to

the summit. We consider this to be a subalpine

community because of the fellfield community
and presence of Pinus flexilis. The highest point

of the mountain houses a U.S. Air Force
microwave facihty for communication between
Vandenberg and Edwards Air Force Bases.

The summit area supports an open subalpine

forest, with a mixed conifer community heavily

dominated by Jeffrey pine {Pinus jeffreyi). Also
present are scattered individuals of white fir

{Abies concolor) and single-leaf pinyon {Pinus

monophylla). A surprising member of this conifer

community is limber pine {Pinus flexilis), which
grows along ridges in the summit area. These
pines grow with an open understory of scattered

low shrubs of Ribes cereum, Symphoricarpos

rotundifolius var. parishii, and Ceanothus cordu-

latus. On other slopes with deeper soils, cushion

plants commonly grow with the low shrub
Chrysothamnus viscidiflorus subsp. viscidiflorus.

Several associations of fellfield community,
much like typical fellfields at higher alpine

locations in the Sierra Nevada, occur on the

slopes where soils are thin sandy loam over

fractured granite rock (Fig. 2a). These fellfield

communities contain a relatively moderate diver-

sity of herbaceous species, including cushion

plants, low-growing mats, upright dicot perenni-

als, perennial graminoids, and geophytes
(Fig. 2b).

A checklist of the flora of the summit area of

Mount Pinos above 2590 m includes 138 native

vascular plants plus five non-native species
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Fig. 2. Fellfield habitat and study species growing at about 2650 m in the summit area of Mount Pinos,

CaHfornia. a) General aspect of fellfield community; b) Typical cover of the fellfield community, with Eriogonum
kennedyi. Phlox diffusa, and Lupinus hreweri as dominants; c) Astragalus purshii var. tinctus; d) Eriogommi kennedyt
e) Lupinus breweri var. bryoides; f) Phlox diffusa.

(Muns 1994). The seven largest families present in

this flora, excluding non-native species, are the

Asteraceae (18 spp.), Scrophulariaceae (12 spp.),

Fabaceae (11 spp.), Liliaceae, sensu Jepson
Manual (9 spp.). Poaceae (8 spp.), Polemoniaceae
(7 spp), and Polygonaceae (7 spp.).

The flora is dominated by low-growing herba-
ceous perennials (hemicryptophytes) that annu-
ally die back to ground level. Only four tree

species, as described above, and nine shrub
species are present. In addition to the three shrub
species listed above, shrubs present are Chry-
sothamnus nauseosus, Holodiscus discolor, Ribes

montigenum, R. velutimuu, Rhamnus tomentella

subsp. cuspidata, and Sambucus mexicana. The
summit region is rich in geophytes, with nine

species - Iris missouriensis, Sisyrinchiwn bellum.

Allium burlewii, A. campanulatum, A. denticula-

tum, A. fimbriatum, A. howellii var. clokeyi,

Calochortus venustus, Fritillaria pinetorum, Muilla

niaritima, and Veratrwn californicum. Annuals
are relatively abundant, with 27 native species

reported.

We know of no records for precipitation for

the summit area of Mount Pinos. Twisselmann

(1967) suggested a mean annual precipitation of
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about 430 mm, with a range from about 280 mm
during a drought year to as much as 890 mm in a

wet year. The USDA Forest Service Chuchupate
Ranger Station, at 1603 m elevation and about
30 km by road from Mount Pinos, has a mean
annual rainfall of 233 mm for a limited record of

three years. North-facing slopes of the mountain
hold snow well into June in wet years as in 2005,

while south-facing slopes melt out far earlier.

There was 1.5 to 2 m or more of snow on Mount
Pinos at the end of January 2005 (Mork 2005).

During dry years when snowfall is light, these

summit slopes are exposed to high solar irradi-

ance and wind for much of the year.

Materials and Methods

Phenology

Multiple field trips to the study site in 1998 to

2005 allowed qualitative observations to be made
of variable patterns of community vegetative and
flowering phenology. These patterns were related

to snow conditions that varied greatly between
years.

Community Structure

Line transects 50 m in length along slope

contours were used to sample four topographic

areas of the fellfield community on June 13, 2000
to determine cover of each species, total vegeta-

tion, and exposed large rocks for each plot.

Canopy interception along each transect was
recorded to the nearest 5 cm for all perennial

plant species. When canopies of two species

overlapped, the subcanopy presence of a species

was recorded separately to allow determination

of total ground cover and whether any species

had a characteristic understory habit. Cover of

exposed large rocks (>20 cm diam.) was also

measured to the nearest 5 cm along the transect.

Leaf Form and Anatomy of Cushion Plants

Anatomical characteristics of blades were first

observed with a light microscope from thin trans-

sections of several fresh leaves cut with a razor

blade, and measured with an optical micrometer.

Leaves were also liquid-preserved in 70% forma-
lin-acetic acid-alcohol, dehydrated in an ethanol

series, critical point dried and coated with
200 nm of gold-palladium, and then examined
with an ETEC Autoscan scanning electron

microscope.

Ecophysiological Characteristics

Physiological parameters of selected summit
species were sampled under conditions of new
growth (full leaf expansion and peak flowering),

midsummer, and fall conditions. Gas exchange
measurements were made midmorning through
midday on July 8, 1999, on four common
cushion-forming species of the fellfield: Eriogo-

num kennedyi var. kennedyi (Polygonaceae),
Phlox diffusa (Polemoniaceae), Lupinus breweri

var. bryoides (Fabaceae), and Astragalus purshii

var. tinctus (Fabaceae) (Fig. 2c-2f). Also mea-
sured were the photosynthetic traits of the two
common pine species in the summit area, Pinus

jeffreyi and P. flexilis. On November 8, 1999, we
repeated these sets of measurements under late

growing season conditions, but the aboveground
tissues of E. kennedyi and P. diffusa were
dormant on this date. Key gas exchange param-
eters measured were mean maximum assimilation

rate (^max, l^mol m"^ s"'), stomatal conductance
to water vapor (^s. mmol m"- s"'), transpiration

(£", mmol H2O m"^ s~'), and internal versus

ambient CO2 concentration {c^-.c^^ ratio). These
measurements were obtained in situ using a LI-

6200 portable photosynthesis system equipped
with a 250-ml sample chamber (LLCOR, Inc.,

Lincoln, NB). Sample sizes on each date were
typically 4-5 individuals. These measurements
were made on days when the sky was cloudless,

but a portable light source was used to provide

saturating blue and red wavelengths of the visible

spectrum (Quantum Devices, Inc. Barnsveld, WI)
at photon flux density exceeding 1500 |amol

photons m"- s"' (PFDsat) to achieve the highest

possible photosynthetic rates. Maximum PFD
levels at this site exceeded 2100 |amol photons
m"- s"'. Reported photosynthetic rates are based

on the the projected leaf area for both angio-

sperms and pines.

On August 5, 1999, we measured light response

curves on Astragalus purshii var. tinctus and
Phlox diffusa at the field site using the portable

light source. These values were measured at

ambient temperatures of 22-23°C and relative

humidity of 22-25%, and VPD was 2.0-2.5 kPa.

The sample chamber was covered with aluminum
foil and allowed to equiUbrate to obtain mea-
surements of dark respiration.

Shoots enclosed in the sample chamber were

harvested and kept in moisturized plastic bags,

for determining area measured using a LI-3100

leaf area meter (LI-COR, Inc., Lincoln, NB).
Manual measurements of leaf geometry were also

used to verify these values. Leaves were dried

for 24 hr at 85°C to determine dry weight for

calculating leaf specific area (LSA, m- leaf area

kg~' dry leaf tissue).

Midday shoot water potentials of small

branchlets were measured on the July and
November sample dates using a Scholander-

type pressure chamber (PMS Instruments).

Replicate measurements were made for at least

three individuals per species to calculate a mean
value.
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Table 1. Percent Mean Cover of all Perennial Species in a Subalpine Fellfield Sampled Along
Pairs of 25-m Line Transects from Four Representative Slopes at the Botanical Research Area of
Mount Pinos. Line transects followed contours of the slope.

Mean cover, %
1Upper slope. Lower slope. Upper slope. Upper slope.

Taxa
SW-facing, SW-facing, NW-facing slope S to SE-tacing,

Slope lUvc Slope <~j /c J— 1 Uvc Slope 1 \) 7c

Astragalus purshii var. tinctus 0.2 0.0 0.0 0.6

Astragalus whitneyi 0.1 0.0 0.0 0.0

Castilleja applegatei subsp. martini 6.1 0.7 0.2 3.0

Chrysothamnus viscidiflorus 2.1 10.5 3.2 3.0

Eriogonum kennedyi 22.8 17.9 9.1 19.0

Ivesia santolinoides 0.0 0.1 1.4 0.2

Leptodactylon pungens 0.1 0.2 0.0 0.8

Lupinus hreweri var. bryoides 0.0 0.0 8.9 0.0

Lupinus lepidus var. confertus 3.0 0.3 0.0 0.0

Pedicularis semibarbata 0.2 1.0 1.7 0.7

Penstemon speciosus 0.0 0.2 0.6 0.1

Phlox diffusa 5.0 15.0 12.5 7.1

Silene bernardina 1.6 1.7 0.8 1.2

Poaceae 2.5 2.8 3.7 1.7

Other Asteraceae 0.2 0.5 0.1 0.5

Alliaceae 0.2 0.3 0.3 0.3

Overlap,% 2.9 4.4 3.8 2.2

Total plant cover, % 41.2 46.8 38.7 37.1

Exposed rocks, % 6.5 2.3 3.3 1.8

Results

Phenology

Variable snowfall conditions strongly impact

the phenology of herbaceous perennials and
subshrubs at the summit area. In the spring of

1998, although regional precipitation was below
average, snowbanks nevertheless persisted in the

pine forests adjacent to the study site into early

July. At the same site in 2000, the summit
received little winter snow and the study site

was much drier in early July. Spring growth of

the fellfield perennials and the neighboring
woody shrubs Rites cereum and Chrysothamnus
viscidiflorus had begun by mid-April in 1999 and
2000, when midday air temperatures at the site

characteristically reach or exceed 15^C. With the

heavy snowfall of 2005, new growth of fellfield

perennials and leafing of shrubs at the beginning
of June was limited to warmer exposed south-

facing slopes, and was there only just beginning.

Flowering peaked in late July 2005.

Community Structure

Mean line transect cover of the subalpine
fellfield vegetation varied from 39-51% of
ground area with a mean for the four plots of
44%, whereas exposed large rocks were relatively

infrequent on the four slopes (Table 1 ). Approx-
imately half of the exposed ground area was soil,

a sandy loam with subsurface rocks and scattered

gravel on the surface. The difference between

total cover of all perennials (i.e., the sum total of

canopy and subcanopy cover) and canopy
ground cover in the transect measurements was
only 3.2%, indicating that few individuals were
growing beneath the canopies of taller plants.

Sampled vegetation, including 20 species of

sampled perennial plants, was largely less than

10 cm in height. The gray-white evergreen

cushion plant Eriogonum kennedyi had the

highest cover, a mean of 17.2%. It comprised
half the cover in plots 1 and 4. Plants of E.

kennedyi, which often were present next to

exposed large rocks, were typically 2-5 cm tall,

and the largest mounds were up to 50 cm across.

The bright green cushion plant Phlox diffusa

was also common and a codominant in plots 2

and 3 (Table 1). It was 2-8 cm tall, and large

individuals were 30^0 cm across. The silvery-

leaved, low cushion Eupinus hreweri was common
in only plot 3 and the bluish gray cushion

Astragalus purshii was encountered only infre-

quently. Low shrubs (<10-15 cm in height) of

Chrysothamnus viscidiflorus were present but

widely scattered in the fellfield plots, whereas
fairly dense and much taller stands of this species

occurred on adjacent slopes in deeper soils. Erect

herbs, such as Silene bernardina, the hemipar-

asites Castilleja applegatei subsp. martinii and
Pedicularis semibarbata, Penstemon speciosus,

and perennial grasses (e.g., Elymus elymoides

and Poa spp.) were often encountered on the

slopes but comprised very low total cover.

Perennial grasses sometimes appeared to use

Eriogonum kennedyi as a nurse plant, and Ivesia
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santoHnoides with a basal rosette of leaves also

commonly occurred on the edges of Eriogonum
cushions. Geophytes {Allium species and Ccilo-

chortus venustus) were emerging from bare soil

patches, but individuals were less common in

June 2000 than were observed in early summer
1999 and July 2005 when these geophytes were
abundant.

Leaf Form and Anatomy of Cushion Plants

Leaf blades of the cushion plants were very

small, and mean blade area for the four species

ranged from 4.2 to 13.6 mm-. Blades of Phlox
diffusa were dark green, linear and somewhat
needle-like with an acicular tip, and possessed

widely spaced uniseriate trichomes, which were
most conspicuous on the adaxial surfaces. In

contrast, leaves of Eriogonum kennedyi had more
vertically oriented, elliptic blades that were
covered with whitish vestiture, consisting of
twisted unicellular trichomes, and the blade was

often enrolled somewhat to the underside. The
lanceolate or narrowly ovate to elliptic leaflets of
the two leguminous cushion plants, Lupinus
brewer i (palmately compound) and Astragalus

purshii (pinnately compound), were folded along
the midvein and cupped upward. Although the

canopy of L. breweri appeared very reflectant, the

adaxial blade surface was green because the

reflectivity was caused by the long, straight,

dense abaxial trichomes. In contrast, the leaflets

of A. purshii were uniformly covered with softer,

straight unicellular trichomes on both adaxial

and abaxial surfaces.

All four cushion plant species had amphisto-
matic leaves with isolateral organization of the

mesophyll, and each possessed at least two layers

of abaxial palisade chlorenchyma (Fig. 3, Ta-
ble 2). Mean blade thickness ranged from 209 |Lim

in E. kennedyi to 497 \xm in the thicker but

extremely narrow leaf of P. diffusa. Primary
phloem fibers were present in midveins of all

species, but in addition P. diffusa had a zone of

Table 2. Leaf Anatomical and Morphological Traits of Eight Common Fellfield Perennials from
THE Summit Area of Mount Pinos. ND = no data collected.

Leaf thickness (|Lim) Stomatal form Mesophyll
Leaf specific area f

(m^ kg-')
\

Astragalus purshii var. tinctus 227 amphistomatic isolateral 92.5

Castilleja applegatei 270-^42 amphistomatic isolateral ND
Eriogonum kennedyi 209 amphistomatic isolateral 40.5

Lupinus breweri var. bryoides 298 amphistomatic isolateral 70.9

Pedicularis speciosus 1728 amphistomatic isolateral ND
Penstemon speciosus 432 amphistomatic isolateral ND
Phlox diffusa 497 amphistomatic isolateral 62.1

j

Silene bernadina 583 amphistomatic isolateral ND
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fibers along the two leaf margins and the fibrous

leaf apex was produced as an extension of the

midvein fiber. These fibers were highly developed

and contributed greatly to leaf thickness. More-
over, leaves of P. diffusa become somewhat spine-

like when they senesce.

Leaf specific area (LSA) was high for leaflets of

A. purshii (92.5 m^ kg"'). Means of LSA were

very shghtly lower for L. breweri (70.9 m^ kg"')

and P. diffusa (62.1 m^ kg"'), while the leaves of

E. kennedyi had the lowest LSA (40.5 m^ kg"').

In comparison, pines, with a very different

anatomical structure, had low LSA values of

28.5 and 24.1 m^ kg"' for Pinus flexilis and P.

Jeffrey i, respectively.

Ecophysiological Characteristics

In early July 1999, the two legume species, A.

purshii and L. breweri, had assimilation rates

(^max) of 13.4 and 13.9 |amol CO2 m"^ §"',

respectively (Table 3). Stomatal conductance

(g^) was 293 and 263 mmol CO2 m"^ s"' for the

two species. Phlox diffusa had a relatively low

^max of 6.8 jumol CO2 m"^ s"', but proportion-

ally high value of 212 mmol CO2 m~^ s ' for g^.

Eriogonum kennedyi had an assimilation rate of

8.2 |imol CO2 m"^ s"', but a low rate of

74 mmol CO2 m"-^ s"'. Higher values of A:E and
A\gs and lower values of cf.Ca ratio indicate higher

water-use efficiency. Eriogonum kennedyi demon-
strated the highest water-use efficiency by all

three of these measures (Table 3).

In early November 1999, the aboveground
tissues of both P. diffusa and E. kennedyi as well

as many other species were no longer active. Two
other two fellfield cushion plants had positive but

low rates of assimilation. Astragalus purshii had
an assimilation rate of 3.8 |amol CO2 m"^ s"',

28% of its July rate, while Lupinus breweri with

an assimilation rate of 5.0 |Limol CO2 m"^ s"' was
at 36% of its July level.

For the two pine species in early July, P.

jeffreyi was the most active with an assimilation

rate of 11.2 |Limol CO2 m"2 s"' (Table 3). Photo-
synthesis was also moderately high in P. flexilis

with a rate of 8.1 |amol CO2 m"^ s~'. There was
little change in these rates four months later in

early November. Pinus jeffreyi had an assimila-

tion rate of 91% of its July rate while P. flexilis

was at 96% of its previous rate (Table 3). Water-
use efficiency did not increase significantly over
this seasonal period in the pines. Overall, the

water-use efficiencies by all three measures were
significantly higher on both dates in the pines

than in three of the four fellfield cushions. Only
E. kennedyi had a broadly comparable level of
water-use efficiency (Table 3).

Light response curves measured in early
August 1999 showed that P. diffusa and A.

purshii both achieved light saturation for photo-

synthesis at high levels of about 1500 |Limol

photons m^ s ' (Fig. 4a,b). At PFDsat, -^max
for the silvery leaves of A. purshii was 18.71 |amol

CO2 m"^ s"' when g, was 189 mmol m~^ s"',

whereas A^.^^ of the bright green, fibrous leaves

of P. diffusa was only 6.54 |Amol CO2 m^ s"'

when gs was 1 10 mmol m"^ s '.

Xylem water potentials of the two fellfield

legumes, A. purshii and L. breweri, dropped to

lower levels (higher water stress) between the July

and November sample dates (Fig. 5). Eriogonum
kennedyi maintained relatively constant water

potentials of about —2.5 MPa over the two
sample dates. Phlox diffusa (not photosyntheti-

cally active in November) and the two pine

species showed a reverse pattern of higher water
potentials (lower water stress) in November.

Discussion

Although the flora of the summit area of

Mount Pinos is strongly Sierra Nevadan in its

flora (Muns 1994), this massif has been climat-

ically isolated from the Sierra Nevada since the

Pleistocene. Moreover, the current climate regime

of Mount Pinos makes the summit region much
more seasonal in climate and more arid than

comparable sites in the Sierra Nevada. This

isolation and relative aridity can be seen in the

presence of distinct subspecies and a number of

desert elements. Examples of these are non-
Sierran taxa such as Eriogonum kennedyi var.

kennedyi, Phacelia mohavensis. Allium howellii

var. clokeyi (a local endemic), Castelleja applega-

tei subsp. martini, and Astragalus whitneyi var.

whitneyi.

The presence Pinus flexilis on Mount Pinos is

unexpected based on its typical habitat distribu-

tion. Whereas this species also can be found in

small numbers on nearby Brush Mountain to the

northwest of Mount Pinos and Frazier Peak to

the east (Twisselman 1967), the nearest popula-

tions to these occur at high elevations 130 km to

the east in the San Gabriel Mountains of the

Transverse Ranges (Thorne 1977). Pinus flexilis

does occasionally occur as low as 2560 m in the

higher Transverse and Peninsular Ranges, but is

more typical of higher elevations of 2750 to

3300 m. Although the rainfall at the summit of

Mount Pinos is far lower than that of comparable
sites with P. flexilis in the Sierra Nevada and in

the high Transverse and Peninsular Ranges, it is

similar to that present in the White Mountains of

California where P. flexilis and P. monophylla

can be found growing in close proximity at

about 3050 m elevation (Rundel, personal obser-

vation).

Pinus contorta subsp. murrayana (lodgepole

pine), commonly associated with P. flexilis in the

Sierra Nevada and higher Transverse and Penin-

sular Ranges, is absent from Mount Pinos. Two
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Fig. 4. Light response curves of net photosynthesis in

relation to photon flux density (PFD) irradiance for F.

diffusa and A. purshii var. tinctus.

common montane conifers from the Sierra

Nevada and higher Transverse Ranges, Finns

lambertiana (sugar pine) and Calocedrus decur-

rens (incense cedar), are present but limited to

isolated local populations on Mount Finos

despite the apparent presence of appropriate

habitats.

The rates of assimilation measured for the four

fellfield species on Mount Finos were in the lower

portion of the range of those measured in alpine

areas in other parts of the world (Korner 1999).

These values ranged from 6.8 to 13.9 |j,mol CO2
m -^ s~' on Mount Finos, can be compared with a

range of 11.5 to 25.5 )imol CO2 m ^ s ' reported

for eight fellfield species in the arid White
Mountains of Cahfornia (Rundel et al. 2005).

With the exception of Eriogonum kennedyi, which
had a very low value of cf.Ca ratio in our study.

White Mountain species generally had lower
values of cf.Ca ratio than those reported here for

Mount Finos, indicating higher water-use effi-

ciency. The assimilation rates and stomatal
conductances of the two pine species on Mount
Finos fall within the ranges of values previously

reported for pines in the literature (Rundel and
Yoder 1998).

The November measurements of water poten-
tial showed an expected decrease in water
potential from July values for Astragalus purshii
and Lupinus breweri following dry summer

0.0

1.0

I -2.0

0)

E
0)

>.
X
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0^^

Fig. 5. Midday xylem water potential on July 8, and
November 8, 2005, for Lupinus breweri var. bryoides,

Astragalus purshii var. tinctus, Eriogonum Kennedyi,

Fhlox diffusa, Finus flexilis, and F. jeffreyi in the

summit study site at 2650 m on Mount Pinos.

conditions. Water potential, however, remained
relatively constant in Eriogonum kennedyi and
increased in Phlox diffusa and the two pine

species. Both E. kennedyi and P. diffusa were
dormant in November and thus an absence of

transpiration reduced water stress. We do not

have sufficient data to fully interpret the reduced

water stress in the pine species at a time when
photosynthetic rates were not significantly differ-

ent from July rates, but this likely relates to

cooler temperatures in November that reduced

transpirational water loss and increased water-

use efficiency as seen in ratios of assimilation to

transpiration.

Many accounts of Cahfornia plant life have
noted that numerous genera present on moun-
taintops also have congeners occurring in low-

land deserts (Went 1948), and so desert-alpine

comparisons should also be considered. Like

nonsucculent dicotyledons of the nearby Mojave
Desert (Rundel and Gibson 1996), the four

fellfield species used for gas exchange measure-

ments have leptophylls, i.e. minute leaves or

leaflet blades. For desert plants, such microphyl-

lous leaves have the adaptive benefit of staying

close to ambient temperature, hence never

reaching lethal high temperatures, because such

leaves have thin boundary layers and high

conductive heat exchange (Gibson 1996, 1998;

Smith et al. 1997). At alpine and subalpine

elevations, such leaves that track cool daytime

temperatures would be below expected optimal

temperatures for photosynthesis. Although cush-

ion plants with full sun exposure throughout the

day never experience high air temperature, the

cushion canopy may become heated via radiation

and conduction from warm soil surfaces and thus

have leaf temperatures substantially above air
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temperatures. Temperatures of low, ground
hugging dense mats can be 20°C or more above
air temperature (Korner 1999; Rundel et al.

2005). Many such mats and cushions have
densely packed leaves, making the operational

boundary layer for gas exchange that of the

canopy itself rather than individual leaves.

Fellfield plant species on Mount Pinos have
amphistomatic leaves with abundant, slender

palisade cells on both side of the mesophyll.

These traits appear to be those present in many
desert plants worldwide (Gibson 1996, 1998).

Amphistomaty helps by increasing instantaneous

rates of assimilation by maximizing stomatal

conductance to CO2 during the gas phase of

diffusion (Mott et al. 1982), and isolateral

mesophyll tends to maximize diffusion of CO2
in liquid phase by exposing a very high mesophyll
cell membrane area per leaf surface area (Nobel

2005). When leaves are not severely water
stressed (e.g. midmorning during weeks of peak
growth under saturated PFD), maximal instan-

taneous assimilation rates of desert annuals and
perennials often reach or exceed 25 |j.mol CO2
m"- s"' (Gibson 1998), levels generally higher

than those reported for alpine fell field species

(Rundel et al. 2005). Critical studies are needed to

determine why desert plants have higher assim-

ilation rates than related alpine plant species, and
also how congeners from the two habitats may
differ in allocation of photosynthate to vegetative

and reproductive growth, and to tissue mainte-

nance.

The causal factors explaining the relatively low
elevation occurrence of subalpine fellfield and
limber pine forest communities on Mount Pinos

remain an open question for investigation. Fell-

field plant communities are generally found on
high elevation sites near or above treeline. These
sites are typically exposed and dry, often windy
and snow-free summits and ridges where snow-
melt occurs rapidly and wet soils do not persist

(Bliss 1985). Subalpine fellfield and treeline

conifers rarely occur as low as 2800 m in the

southern Sierra Nevada but are more character-

istic of elevations well above 3500 m. The summit
of Mount Pinos may well have these traits in

most winters because of the relatively low
amounts of snowfall and the exposed position

of the mountain near the coast. However, in cold

and wet winters, snowfall covers much of the

summit area through the late spring into early

summer, as occurred in 2005.

One component of an explanation for the

subalpine communities of Mount Pinos lies with

the Massenerhebung, or mass-elevation, effect,

which has been documented for the Alps of

Central Europe (Barry 1982). Core areas of the

central Alps have a higher elevation treeline than

those present on peaks at the outer margins of the

range. Greater solar radiation inputs in these core

areas have been hypothesized to lead to warmer
summer temperatures with reduced duration of
snowfields, and thus longer growing seasons.

This effect also predicts lower elevation treelines

on isolated mountains compared with elevations

on larger mountain ranges with greater mass. The
summit of Mount Pinos is relatively isolated and
sufficiently close to the coast to be influenced by
maritime conditions and cloud cover, moderating
solar radiation and temperatures at the summit.
Moreover, growing season length likely is also

reduced by the extreme summer aridity on Mount
Pinos. Thus, moderate summer temperatures and
drought-shortened growing season conditions

would act to lower timberUne. As noted above,

scattered individuals of Pinus flexilis do occur at

similar elevations in the San Gabriel, San
Bernardino, and San Jacinto Mountains, but

the primary range of the species in these ranges is

above 2750 m. Detailed climatological measure-
ments on the summit of Mount Pinos could help

resolve this interesting issue.
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Abstract

Euphorbia terracina L., also known as terracina spurge, is a Mediterranean Basin perennial that has

recently become invasive in southern California and is actively spreading at a virtually exponential

rate along coastal areas in Los Angeles County. The National Park Service (NPS) is undertaking

measures to treat and control further spread of current populations, but little is known about the

plant's ecology and impact on native plant communities. This study reviewed the existing information

on E. terracina and investigated populations established in Solstice Canyon in coastal Los Angeles

County. Populations of E. terracina were compared in two different habitats in Solstice Canyon: in an
open site along an old road and a shaded riparian site subject to past disturbance. Both open-

disturbed and shaded sites had high aboveground biomass densities, with the highest density in the

open, disturbed site. Sites differed in biomass allocation and specific leaf area (SLA) between sites,

with plants at the open site having significantly lower specific leaf area than those at the shaded site.

Open site plants also had high SLA compared to native coastal sage scrub species. Euphorbia terracina

produces large quantities of seeds that do not show dormancy. Seeds germinated well under low light

intensities without mechanical or chemical treatment. Euphorbia terracina possesses numerous traits

— success in disturbed sites, phenotypic plasticity, high SLA compared to native species, high

reproductive output, and seeds lacking dormancy — that have been associated with invasive species

and likely contribute to both its success and the difficulty in treatment and control of established

populations.

Key Words: biomass allocation. Euphorbia terracina, germination, invasive, phenotypic plasticity,

specific leaf area.

Euphorbia terracina is an invasive herbaceous
perennial from the Mediterranean Basin that has

recently established in coastal areas of Los
Angeles County in southern California. The
plant's prior invasive history and wide distribu-

tion in Australia, where E. terracina has natural-

ized to and invaded disturbed areas of nutrient-

poor sandy soils in the coastal heath of Victoria,

South Australia, and New South Wales (Randall

and Brooks 2002), suggest E. terracina is likely

to be a successful invader elsewhere in the

world (Reichard and Hamilton 1997). In south-

ern California, however, E. terracina is not

restricted to coastal sandy soils and has natural-

ized to both coastal bluff and sage scrub habitats.

Although multiple points of origin are possible, a

major center of its spread appears to be the

central Malibu coast. Euphorbia terracina has

since expanded its range west and east along the

Malibu coast and up into canyons of the Santa

Monica Mountains with remarkable aggressive-

ness, often forming dense monocultures in

disturbed areas. It has been reported along

Highway 150 in Ventura County and from;
coastal areas of the Palos Verdes Peninsula in

southern Los Angeles County (P. Rundel,
personal observation).

Despite its current abundance in coastal

southern Cahfornia, E. terracina is not listed in

the Jepson Manual (Hickman 1993) and little

is known about the species. The first known
collection of E. terracina was made at the El

Segundo Dunes near the Los Angeles Interna-

tional Airport in 1987 (Hrusa et al. 2002) and the

National Park Service (NPS) only became aware
of its spread in the late 1990's. The objective of

this study is to provide a review of existing

literature on current E. terracina distribution and
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to develop a better understanding of the ecology

of E. terracina to aid in the control and
management of populations in coastal southern

California. Field and laboratory studies were

implemented to investigate the invasive potential

of E. terracina in southern California.

Previous studies have proposed that morpho-
logical plasticity in response to varying environ-

mental conditions enables non-native species to

successfully invade a range of habitats (Baker

1974; Schweitzer and Larson 1999; Daehler 2003;

Parker et al. 2003). Euphorbia terracina plants

were compared between two sites with differing

disturbance and light conditions in Solstice

Canyon, IVlalibu CaUfornia: an open-disturbed

habitat along roadsides and trails and a riparian

woodland habitat. Successfully established plants

were expected to differ in biomass allocation and
specific leaf area (SLA) between these sites. In

addition, reproductive characteristics of E. terra-

cina were investigated to better understand the

plant's success as an invasive. Invasive species

often lack seed dormancy, readily germinating

without chemical treatments (Reichard and
Hamilton 1997). Thus, Euphorbia terracina was
expected to require little or no pre-germination

treatment for successful germination.

Materials and Methods

Species Ecology

Euphorbia terracina, also called terracina

spurge, false caper, and Geraldton carnation

weed (in Austraha), is an herbaceous perennial

in the Euphorbiaceae. Its native habitat is dry,

sandy soils along the coasts of islands and
adjacent mainland of the Mediterranean Basin,

extending northwest from the Iberian Peninsula
to the eastern Mediterranean in Croatia and
Greece (Tutin et al. 1968). Mature plants grow to

1 m and contain a noxious, milky sap common to

many Euphorbia species. Plants are simple,

branched with 0-5 auxiliary shoots arising from
the base of the plant, and grow from a root crown
with a long taproot (Tutin et al. 1968). The leaves

are dark green, minutely serrate, and alternate.

Each shoot produces 4 to 5 equal-length pedicels

arranged in clusters at the stem apex. Euphorbia
terracina has small, inconspicuous yellow to

green flowers, which are surrounded by five

pointed, oval bracts. Each flower produces a
small three-lobed fruit with each lobe containing
one seed. Euphorbia terracina has a great
reproductive capacity, as each shoot is capable
of producing up to 200 seeds (C. Brigham,
personal communication). Seeds are dispersed
explosively from fruits, travehng up to 5 m from
the plant (C. Brigham, personal communication).
Flowering begins in spring and seeds are pro-
duced in summer. Although plants may die back

with water stress in late summer, new stems
surface from the original root crowns at the start

of the next growing season (P. Rundel, personal

communication). Seeds may germinate in any
month of the year and young plants are capable
of branching repeatedly to form dense clusters

before spring flowering. While E. terracina does
not reproduce vegetatively, plants cut at their

base prior to setting seed rapidly grow new stems
using carbohydrates stored in their taproot (P.

Rundel, personal communication).

Field Sites

Solstice Canyon in Malibu, California (34^S,

1 18°W) appears to be a center of introduction of
E. terracina into coastal southern California and
has large E. terracina populations. It receives a

mean annual rainfall of about 330 mm, with

considerable interannual variation. Temperature
conditions are mild throughout the year, with

mean maximum summer temperatures of about
21°C and mean winter minimum temperatures of

about 10°C. Field sites were selected within

Solstice Canyon to compare populations of E.

terracina in an open-disturbed and a shaded
riparian woodland habitat. The open site (a 20 x
30 m plot) was located on a gentle, dry slope in

full sun, having high disturbance from past

mowing and bordering hiking trails. The shaded
study site was a 25 m X 5 m plot in a riparian

woodland corridor about 400 m west of the open
site; it was located 10 m from the creek and
approximately 25 m from any trail. (The study

plots differed in size because E. terracina

populations differed in size between sites.) All

field data and observations were collected be-

tween May 10 and June 23, 2004.

Biomass Allocation Comparisons

Euphorbia terracina aboveground biomass was
harvested from ten randomly selected 0.3 x
0.3 m plots at each site. The allocation of E.

terracina aboveground shoot biomass to repro-

ductive, photosynthetic, and structural tissue was
then determined for both sites using five repre-

sentative plants from each of the 0.30 X 0.30 m
samples. These five plant samples were pooled to

generate one sample per plot (n = 10). Each
shoot was separated into three organ types. All

fruits, developed buds, and fiowers were classified

as reproductive organs; fiower bracts and leaves

as photosynthetic organs; and remaining stems as

structural organs. The number of fiowers, devel-

oped buds, and fruits were counted for each
plant. All plant material was dried at 85'C for

48 hrs prior to weighing. The relative biomass
allocation of each organ component per shoot

was calculated for open and shade populations.

Means for sun and shade sites are reported as
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mean ±1 standard deviation (SD). Student's t-

tests were used to determine if there was a

significant difference in the allocation of biomass
between plants in the open and shade popula-

tions. Student's t-test was also used to compare
estimations of total aboveground biomass be-

tween sites. The experiment-wide error rate was
adjusted using the Bonferroni method to take

into account elevated error caused by three

comparisons on the biomass data (Gotelli and
Ellison 2004). Based on the Bonferroni correc-

tion, P-values of 0.01667-0.05 were considered

suggestive, rather than significant. All statistics

were preformed using SAS Institute, Inc. Stat-

view® (version 5.0) software.

Leaf morphology also was compared between
open and shade plants. On May 24, 2004, all

leaves from five shoots were randomly harvested

from each site (Open site n = 60, shade site n =
64). The leaf area for both open and shade plants

was measured using a LI-COR, Inc. Leaf Area
Meter, model LI-3100. The leaves were then

oven-dried and weighed to determine their

specific leaf area (SLA). A LI-COR Solar

Monitor, model LI- 1776 was used to measure
light intensities at E. terracina canopy height and
at ground level below the canopy for both sites.

Measurements were taken at 14:20 for the open
site and 14:40 for the shade site on June 23, 2004.

The open site had a light intensity of
1800±190 i^mol m - s ' (mean ±1 SD) at cano-

py height and 720±340 |imol m - s ' at ground
level. The shade site had lower light intensities of

70±31 |imol m"^ s"^ at canopy height and
41 ±17 |j.mol m~- s ' at ground level.

Germination Experiments

Mature seeds were collected directly from
representative plants in the open site to investi-

gate seed germination. Germination experiments

were performed within one week of seed collec-

tion. Seeds were germinated in the lab under low-

light intensity of 2 |Limol m - s~^ at a temperature

of 24°C. Light intensities were measured using

a LI-COR Solar Monitor, model LI- 1776. To
determine if E. terracina seeds possess seed

dormancy preventing germination, aside from
the mechanical barrier of the seed coat, two seed

treatments were prepared; a scarification treat-

ment and a control treatment with no scarifica-

tion. Seeds were scarified immediately prior to

the germination experiments using a fine, sharp
needle to puncture a small hole in the seed coat.

There were five replicates of 20 seeds each per

scarification treatment. Seeds were placed on wet
filter paper in 9-cm diameter petri dishes.

Moisture in the dishes was maintained constant

with de-ionized water. Seeds were recorded as

having germinated once the radicle emerged from
the seed coat. The number of germinated seeds

per replicate was recorded every 24 hr for up to

21 d, or until the number of germinated seeds per

treatment remained constant for over 48 hr.

Mean percentage germination for each treatment
(n = 5) were compared using a t-test (SAS
Institute Statview® [version 5.0]), and values

reported as mean ± 1 SD.

Results

While E. terracina had high aboveground
biomass at both open and shade sites, above-
ground biomass was significantly higher at the

open site (Fig. 2) (t = 11.379, DF = 98, P <
0.001). The mean sum of structural, photosyn-
thetic, and reproductive biomass was 324.2

±

71.8 g m"^ (n = 10) in the open site compared
to 118.8±43.1 g m 2 (n = 10) in the shade site

(t = -0.661, DF = 18, P < 0.001) (Fig. 2). The
considerable difference in the mean sum of
biomass between open and shade sites can be
contributed to the large difference in structural

biomass between sites (open: 239.8± 56.8 g m"^
and shade 76.0±35.5 g m 2) (Fig. 2). The differ-

ence in biomass of photosynthetic organs between
open and shade sites, however, was only sugges-

tive (t = -2.275, P = 0.0362 (adjusted a =
0.0167)). Euphorbia terracina also showed differ-

ences in the relative biomass allocation to

different organs between sites (Fig. 3). Shade site

plants had a significantly greater relative photo-

synthetic tissue biomass than open site plants. Sun
plants had significantly higher relative biomass
allocation to structural (t = -5.372, DF = 98, P
< 0.001) and reproductive (t = -7.124, DF = 98,

P < 0.001) tissues than the shade plants because of

their taller stature. There was not a significant

difference in the number of flowers (P > 0.05), but

the relative allocation of biomass to reproductive

tissues in the sun population was three times

higher than that in shade populations. Open site

plants also had a significantly lower specific leaf

area of 0.1 92±0.0 14 cm^ mg~' compared to shade

plants with 0.464±0.046 cm' mg ' (t = 44.193,

DF = 122, P < 0.001) (Fig. 4, Table 1).

The germination experiments showed that E.

terracina seeds readily germinate under con-

trolled laboratory conditions. Scarification had
no significant effect on final percent seed

germination under low-light (2 |j,mol m"^ s"')

laboratory conditions (t = 1.00, DF = 8, P >
0.1). Control treatments had a final germination

percentage of 100±0.00% and scarified treat-

ments have a final germination of 98 ±4.47%.
Scarification did have an effect on the rate of

germination, as scarified seeds germinated faster

than the control seeds (Fig. 5). The number of

days required to reach maximum percentage of

germination was 6.6±0.89 d in scarified treat-

ments (n = 5) and 12.6±1.52d in control

treatments (n = 5).



Discussion

In Solstice Canyon, E. terracina has become
widely and successfully established in both an
open, disturbed and a shaded, riparian woodland

400
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0
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^D Shade

T

T

1 m T

1
structural Photosynthetic Reproductive Total

Fig. 2. The mean total, structural (stems), photosyn-
thetic (leaves and bracts), and reproductive (flowers and
fruits) biomass per m^ of Euphorbia terracina plotted + 1

standard error for open (n = 10) and shade (n =10)
sites. *** Indicates P < 0.001 significant difference

between open and shade values.

site, indicating a capacity to invade a range of

habitats in southern California. The notably

higher E. terracina total and reproductive bio-

mass in the open site suggest high light availabil-

ity and disturbance provide better conditions for

E. terracina success. Disturbance often promotes
the invasion of non-native species that are well

adapted to high light environments associated

with disturbance (Hobbs and Huenneke 1992;

Burke and Grime 1996). Frequent mowing has

been employed to control a variety of weed
problems at the open site, potentially stimulating

E. terracina biomass production. Low relative

allocation to leaves and high reproductive output,

as exhibited in E. terracina at the open site, have
been interpreted as responses to high light

environments (Givinish 1988; Rice and Bazzaz

1989). However, because biomass collection is

pseudoreplicated (Hurlbert 1984) between single

open and shade sites, the study cannot definitive-

ly determine if light availability was responsible

for the greater E. terracina establishment and
success at the open site. For example, a

competitive advantage for other resources, such

as nutrients or water, compared to native species

could also influence E. terracina success (Crawley

et al. 1999; Callaway and Aschehoug 2000;

Baruch et al. 2000).

The ability of E. terracina to form dense

monocultures given optimal high light conditions

makes it a considerable threat to native flora in



56 MADRONO [Vol. 55

Structural Photosynthetic Reproductive

Fig. 3. The mean relative biomass + 1 standard error

per shoot in Euphorbia terracina, plotted for both open
(n = 50) and shade (n = 50) plants. *** Indicates P <
0.001 significant difference between open and shade

values.

coastal southern CaHfornia. Before recent control

efforts by NPS, E. terracina covered five of the

90 ha in Solstice Canyon, forming dense mono-
cultures in disturbed areas and along the terraces

of the riparian corridor, excluding native plants

from reoccupying disturbed sites, and thereby

altering these costal sage scrub and riparian

woodland communities (C. Brigham, personal

communication). When compared to a classic

study in re-colonization and productivity of

Lotus scoparius, a native subshrub that forms a

significant element of post-fire successional veg-

etation in California shrublands (Nilsen and
Schlesinger 1981), open site E. terracina popula-

tions in Solstice Canyon had greater total

structural, photosynthetic, and reproductive

aboveground biomass per square meter (Ta-

ble 2).

Impacts on species richness and biodiversity of

native flora were not surveyed in this study, but

field observations suggest that E. terracina had a

large negative impact once established in the area,

strongly altering the natural plant community
composition. Although competition was not

addressed in this study, biomass can be predictive

of competitive ability (Gaudet and Keddy 1988).

A greater biomass of E. terracina compared to L.

scoparius may indicate an ability to establish and
propagate well in competition with native species,

however, biomass data from additional species

and manipulative experiments are necessary to

evaluate this hypothesis.

Phenotypic plasticity, as illustrated by the

considerable difference in phenology, biomass
allocation, and leaf morphology between open
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Fig. 4. Histogram of specific leaf area (cm- mg"') of

Euphorbia terracina for open (n = 60) and shade sites (n

= 64).

and shade plants, may explain the success of E.

terracina in two strikingly different habitats.

Field observations established that open site

plants began flowering and fruiting 3-weeks

earlier in the season, illustrating plasticity in

phenology that may have contributed to the

difference in relative reproductive biomass allo-

cation. Greater relative biomass allocation to

photosynthetic structures and higher specific leaf

area in shade plants likely reflect a growth
strategy for light capture in a low light environ-

ment (Baruch et al. 2000; Monaco et al. 2005). In

contrast, low SLA, as evident in the open site

plants, has been correlated with a longer leaf life

span, lower photosynthetic rates, low soil mois-

ture availability, and high light environments,

and thus stress tolerance (Givnish 1988; Reich et

al. 1992; Reich et al. 1999). This suggests E.

terracina is able to respond to both the low light

of the riparian woodland corridor and the water

stress and higher light intensity characteristic of a

sunny coastal slope. As this study is limited to

one sun and shade site, further investigation is

needed to determine to what extent phenotypic

plasticity in response to light may account for the

observed differences in populations. Nonetheless,

phenotypic plasticity in response to environmen-

tal conditions has been proposed to explain an
exotic species' successful invasion into a broad
range of habitats (Baker 1974; Schweitzer and
Larson 1999; Daehler 2003; Parker et al. 2003).

Euphorbia terracina represents a substantial

threat to a range of habitats in coastal southern

California.

High SLA compared to native species has also

been associated with invasive species (Baruch and
Goldstein 1999; Smith and Knapp 2001; Durand
and Goldstein 2001; Grotkopp et al. 2002; Lake
and Leishman 2004). Specific leaf area can be

thought of as the investment per unit of light-

capture surface deployed, and is a critical trait in
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Table 1. Euphorbia terracina Specific Leaf Area of Open and Shade Plants. Values are reported as

mean ± 1 standard deviation, n = 60 for open, n = 64 for shade.

Leaf type Area (cm-) Weight (mg) Specific leaf area (cm- mg ')

Open Ll±0.34 6.0±L7 0.192±0.014

Shade 5.3±L50 11.2±3.26 0.464±0.046

the carbon fixation strategy of plants. Species

with a high specific leaf area have a shorter

investment return rate and greater potential for

fast growth. The specific leaf area of sun

populations of E. terracina (0.192 cm^ mg ') is

relatively high in comparison to coastal sage

scrub species such as Salvia mellifera (0.106

cm- mg ') Eriogonum cinereum (0.069 cm- mg '),

Mirabilis californica (0. 1 14 cm^ mg '), and En-

celia californica (0.181 cm- g ' mg ') (R. Sharifi

[UCLA], unpublished data). In addition to leaf

traits, the relatively low canopy height and
herbaceous growth form of E. terracina are traits

associated with a short juvenile phase, which is

characteristic of invaders in disturbed sites

(Rejmanek 1996; Lake and Leisham 2004).

Euphorbia terracina also displays a number of

reproductive traits typical of invasive weeds.

High reproductive output and small seed mass
are associated with rapid colonization and are

especially indicative of invaders in physically

disturbed, open sites (Rejmanek and Richardson

1996; Reichard and Hamilton 1997; Lake and
Leishman 2004). Euphorbia terracina is capable of

producing over 200 seeds per shoot (C. Brigham,
personal observation). The relative allocation of

biomass to reproductive tissues is approximate
10%, a value quite close to that reported for

Lotus scoparius, an effective native colonizer of

burned chaparral slopes (Nilsen and Schlesinger

1981). While E. terracina does not spread through
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Fig. 5. Mean germination rate (%) plot for lab low
light (2 |j.mol m~^ s ') scarification and control treat-

ments. The mean percent is plotted ± 1 standard error
for each day (n = 5).

vegetative reproduction, it is capable of rapid

resprouting and growth in response to cutting,

another trait that is associated with invasives

(Baker 1974).

Soil movement by vehicles and earth moving
equipment has probably played a significant role

in E. terracina's spread because of its ability to

colonize disturbed sites. Informal observations

(P. Rundel, personal observation) suggest that

the infestation of seeds into potted plants at local

nurseries may be responsible for spread to private

property in Los Angeles County. Ant dispersal

may also be a factor in the local spread of E.

terracina, but was not addressed in this study.

Many Euphorbia species, including E. terracina,

have seeds with elaiosomes that are ant dispersed

(Espadaler and Gomez 1994; Espadaler and
Gomez 1996). While this trait is not usually

associated with invasiveness (Lake and Leishman
2004), the closely related E. esula is ant dispersed

in its introduced range (Pemberton 1988).

Euphorbia terracina seeds also display a germi-

nation pattern typical of many weedy species.

Seeds requiring little or no pre-germination

treatment can also be indicative of invasive

species (Reichard and Hamilton 1997). The high

rates of germination in both control and scarified

treatments suggest that E. terracina has no deep
seed dormancy. Even though scarification was
not necessary for germination to occur, it

influenced the germination rate, scarified seeds

germinated faster than control seeds. The slight

lag in germination of control seeds is probably

the result of the physical resistance of the seed

coat and not related to seed dormancy. Euphorbia

terracina may also have a substantial soil seed

bank, as field observations suggest seed life in the

soil is as long as 5-8 yrs or more (C. Brigham,
personal communication).

With its high number of invasive traits and
successful introduction into various habitats, E.

terracina poses substantial threat to the native

fiora of southern California. Phentoypic plastic-

ity in biomass allocation and SLA suggest E.

terracina could be capable of invading a range of

habitats in southern California. Its high SLA
compared to native species, herbaceous growth
form, reproductive output, rapid regeneration,

and success in disturbed sites are all characteristic

of weedy, invasive species. Further studies are

needed to determine the extent of the impact E.

terracina has on the native flora and should

address its competitive ability for resource
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Table 2. Aboveground Biomass of Euphorbia terracina Compared to Lotus scoparius. Biomass for

each species is measured as mean g m"- and L. scoparius data is compiled from Nilsen and Schlesinger (1981).

Percent of total biomass is shown in parentheses.

Species Structural Photosynthetic Reproductive Total

Lotus scoparius 105.6 (64.2) 42.1 (25.6) 16.7 (10.2) 164.4

E. terracina (open) 239.8 (73.9) 51.8 (16.0) 32.7 (10.1) 324.3

E. terracina (shade) 76.0 (64.0) 39.1 (32.9) 3.7 (3.1) 118.8

acquisition compared to native species. The
recent and rapid expansion of E. terracina

suggests that control may not be possible without

immediate attention by management agencies.

The ability of E. terracina to thrive under high

disturbance conditions, however, makes it par-

ticularly difficult to eradicate as many control

treatments, such as mechanical removal and
mowing, create conditions that favor further

establishment. For E. terracina, suppression of

the seed germination from the soil seed bank or

mulching could be potential control methods, but

their success is unknown. Effective management
needs to incorporate information gained from
ecological studies and must address E. terracina'

s

ability to readily germinate and thrive under high

light conditions.

Coastal southern California's combination of

unique native vegetation, high anthropogenic

disturbance, and high number of successful

non-native invasions makes invasive species

management a high priority. The establishment

of invasives in areas of high disturbance has

inhibited restoration efforts of native plant

communities (Eliason and Allen 1997). Further-

more, urbanization in the Santa Monica Moun-
tains is expected to increase dramatically in the

next 25 yrs (Swenson and Franklin 2000), poten-

tially increasing both non-native plant invasions

into coastal scrub habitats and the need for

ecological restoration in areas disturbed by
development. It is therefore important to develop

control methods for invasive species. The suc-

cessful treatment of currrent E. terracina popu-
lations may prove significant in managing other

invasive plant species in the area and protecting

already threatened habitats.
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Abstract

Dissanthelium californicum (Nutt.) Benth. (Poaceae) is an annual grass known only from Santa
Catalina and San Clemente Islands, off the coast of Southern California, USA, and Guadalupe
Island, off the coast of Baja California, Mexico. It had not been recorded since Blanche Trask
collected it in 1903 on San Clemente Island, and was therefore considered to be extinct, possibly as a

result of overgrazing by introduced goats on these islands. During monitoring by the Catalina Island

Conservancy from March through July 2005, D. californicum was discovered growing in seven diverse

and widely spread locations on Santa Catalina Island. The rediscovery may be a result of the removal
of feral goats and pigs from the island, record-breaking rainfall, and increased exploration of remote
areas. A revised description of the species and a summary of its habitat preferences are provided.

Thorough monitoring and surveying of known and potential locations will be necessary to better

determine the conservation status of the species.

Resumen

Dissanthelium californicum (Nutt.) Benth. (Poaceae) es una graminea anual conocida solo de las

islas Santa Catalina y San Clemente, que se encuentran cerca de la costa del Sur de California, USA y
de la isla Guadalupe, localizada cerca de la costa de Baja California, Mexico. Esta especie no ha sido

reportada desde que Blanche Trask la colecto en 1903 en la isla San Clemente, y por lo tanto ha sido

considerada como extinta, posiblemente como resultado del sobre pastoreo de cabras introducidas a

las islas. Durante el monitoreo realizado por la organizacion Catalina Island Conservancy en los

meses de marzo a julio del 2005, D. californicum fue redescubierto creciendo en siete diversas y muy
distantes localidades de la isla Santa Catalina. El redescubrimiento podria haberse dado debido a la

eliminacion de las cabras y cerdos de la isla, a la lluvia sin precedentes y el aumento de exploracion en

areas remotas. Una descripcion revisada de la especie y un resumen de su preferencia en habitat son

proporcionadas. Riguroso monitoreo e inspeccion de localidades conocidas y potenciales seran

necesarios para una mejor determinacion del estado de conservacion de la especie.

Key Words: California, Dissanthelium, extinct, Guadalupe Island, Poaceae, rediscovery, San Clemente
Island, Santa Catalina Island.

Dissanthelium californicum, an annual grass

first collected and described in the mid- 1800s, is

known from three islands off the coast of

southern Cahfornia and Baja CaHfornia, Mexico.

Last collected in 1903 and subject to severe

grazing pressures on all three islands, it had been

presumed extinct until its re-discovery in 2005 on
Santa Catalina Island (hereafter Catahna Island).

In this paper, the history of this species is

discussed and new population information is

presented, including a revised description. Cur-
rent conservation actions and concerns are

discussed.

Taxonomic and Collection History

Thomas Nuttall, in his presentation to the

Academy of Natural Sciences in 1848, described

over one hundred plant species collected in the

American West (Jercinovic 2004). Among the

' Author for correspondence, e-mail: dknapp@lifesci.

ucsb.edu

species was an annual grass that had not yet been

described, collected by William Gambel on
Catalina Island, off the southern coast of

CaHfornia. Nuttall placed the annual grass in a

new genus named Stenochloa, and gave it the

specific epithet californica (Nuttall 1848). Ben-

tham later transferred it to the genus Dissanthe-

lium, giving it the specific epithet californicum

(Hooker 1881).

The genus Dissanthelium was described by C.B.

Trinius in 1836, and comprises approximately 20

species (Nicora 1973; Swallen and Tovar 1965;

Tovar 1985; Soreng 1998; Soreng et al. 2003).

Most species grow at high altitudes, usually

—4000-5000 m, in the central Andes; one of

these species also grows on the high volcanoes of

central Mexico (Swallen and Tovar 1965; Tovar
1985). Dissanthelium californicum is the only

species in the genus found north of the equator

at elevations near sea level. A recent phyloge-

netics study by RefuHo-Rodriguez has deter-

mined that Dissanthelium forms a clade nested

within the genus Poa (Refulio-Rodriguez 2007).
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The placement of D. californicum in the genus

was questioned by Hitchcock (1923), who wrote

that "this species does not appear to be closely

related to the other two [(Andean) species, the

only ones recognized at the time], but it does not

seem to be sufficiently different to constitute a

distinct genus." Oscar Tovar, an authority on the

genus, has also questioned the position of D.

californicum in the genus (personal communica-
tion). Unfortunately, low DNA sequence varia-

tion within the Dissanthelium clade prevents a full

analysis of the relationships among its species

(Refulio-Rodriguez 2007).

Dissanthelium californicum was collected only

twice more following Gambel's collection; in

1875 by Edward Palmer on Guadalupe Island,

261 km off the coast of Baja California, Mexico
(Moran 1996), and in 1903 by Blanche Trask on
San Clemente Island, about 34 km south of

Catalina Island (Jepson 1912; Raven 1963).

There has been some uncertainty about the

dates of the collections made by Gambel and
Trask. The isotype of D. californicum and other

specimens collected by Gambel deposited in the

Gray (GH23589, isotype) and Kew herbaria

(Phillips personal communication) lack a date

of collection. According to Millspaugh and
Nuttall (1923), Gambel visited Catalina Island

in February 1847. Elsewhere, however, Gambel is

reported to have arrived in CaUfornia in Novem-
ber 1841 (McKelvey 1955; Graustein 1967), and
visited Catalina Island in 1842 (McKelvey 1955).

He remained on the West Coast until 1845, when
he returned to Philadelphia in order to enter

medical school (Jercinovic 2004). He had sent his

plant specimens by whaling ship, which did not

arrive until nearly a year after he had returned.

From Philadelphia, he sent the collection to

Nuttall in England for identification, which
explains the delay between Gambel's collection

and Nuttall's paper (Graustein 1967; Jercinovic

2004). Thus D. californicum was first collected

between 1841 and 1845.

In Smith's treatment of D. californicum in The
Jepson Manual: Higher Plants of California, the

last known collection of the species, taken by
Trask, is said to be 1912 (Smith 1993). However,
Raven (1963) does not mention any trips by
Trask to San Clemente after 1903. We examined
one of Trask's specimens {Trask 324, PH
469621), and the year 1903 is penciled in on the

label, along with the word "common." We could
find no evidence that Trask or anyone else

collected D. californicum after 1903, and conclude
that the 1912 sighting reported by Smith (1993) is

an error.

Dissanthelium californicum is known from
Catalina and San Clemente Islands off the coast
of California, USA, and Guadalupe Island off
the coast of Baja CaUfornia, Mexico (Millspaugh
and Nuttall 1923; Raven 1963; Thorne 1967,

1969; Moran 1996; Ross et al. 1997). Both
Eastwood (1941) and Dunkle (1950) list D.

californicum as occurring on Santa Cruz and
Santa Rosa Islands in addition to the three

southern islands, while Dunkle (1950) adds a

northern mainland distribution. However, exten-

sive searches for herbarium specimens reveal that

these reports are unsubstantiated (Wallace 1985;

S. Junak, Santa Barbara Botanic Garden, per-

sonal communication).

Despite the fact that Catalina Island, San
Clemente and Guadalupe Islands have been
relatively well surveyed by botanists (e.g., East-

wood 1941; Millspaugh and Nuttall 1923; Moran
1996; Raven 1963; Thorne 1967, 1969), D.

californicum has not been recorded since Trask's

collection, and therefore, has been presumed
extinct (e.g., CNPS 2001; Smith 1993). It has

been suggested that intense herbivory by feral

goats {Capra hircus) was the cause of D.

californicum's disappearance and the decline of

other native plants growing on these islands

(Thorne 1967; Moran 1996). Palmer, following

work on Guadalupe, wrote that it was very

succulent and that goats were very fond of it

(Watson 1876). According to Moran (1996), "the

plants were succumbing fast to the cresting goat

population, and he [Palmer] was just in time to

find eight natives never found on the island again:

Ceanothus cuneatus, Dissanthelium californicum,

Hesperelaea palmeri, Micropus californicus,

Planta sp., Pogogyne tenuiflora, Ribes sangui-

neum, and Silene antirrhina.''

Rediscovery

In the following description of our rediscovery

of D. californicum, the term population refers to a

distinct cluster of individual plants. An occur-

rence, as per the CaHfornia Natural Diversity

Database (Bittman 2001), consists of all popula-

tions found within 0.4 km of each other.

Biologists from the Catalina Island Conser-

vancy (i.e., "the Conservancy") have been
studying and monitoring plant communities on
the island in an effort to learn how they are

recovering from many years of overgrazing and
how they may be further protected and restored.

On March 29, 2005, during yearly monitoring of

recently burned Island chaparral/coastal sage

scrub habitat near Catahna Island's airport (the

"Airport Burn"), a single individual of D.

californicum was found growing within a large

patch of Malacothamnus fasciculatus (Torrey &
A. Gray) E. Greene (Occurrence 1, Figs. 1 and 2).

In the spring of 2005, we also began a project

characterizing the Quercus pacifica Nixon &
C.H.Mull. communities on the island, which
brought us to many seldom-visited areas of the

island. During these surveys in April, we discov-

ered three additional populations of D. californi-
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Fig. 1. Detail of the inflorescence fragment collected

on first noticing D. californicum in Occurrence 1 .
Photo

by Jenny L. McCune.

cum: one of approximately 60 plants on the

eastern side of the island (Occurrence 2, Fig. 2),

and two separated by about 80 m in the

southwestern portion of the island, numbering

100 and 25 individuals (Occurrence 3, Fig. 2).

Upon hearing the news of our discovery, Nancy
Refulio-Rodriguez, J. Travis Columbus, and

Susan Jett (Rancho Santa Ana Botanic Garden,

hereafter RSA), and Steve Junak (Santa Barbara

Botanic Garden, hereafter SBBG) conducted a

collecting trip to the island from May 2nd to 4th,

2005, during which additional plants, populations,

and occurrences were discovered. At Occurrence 1,

we counted approximately 140 plants in the

vicinity of the first discovery (Fig. 2), within three

populations. Columbus and colleagues also dis-

covered a population about 500 m away (just

outside of the burn area), consisting of approxi-

mately 70 individuals (Occurrence 4, Fig. 2).

Additionally, we discovered 110 individuals in

two new populations at Occurrence 2 and two

more small populations at Occurrence 3, totaling

23 plants. Small amounts of seed were collected by

the Conservancy (Accession numbers 1337-1340)

and RSA (Accession numbers 21890-21894) to use

for germination testing, storage, and restoration.

We collected voucher specimens from Occur-

rences 1-3 {McCune /, 2 and 3 respectively),

duplicates of which are deposited at the Wrigley

Botanical Garden on Catalina Island, RSA, and

SBBG respectively. Refulio-Rodriguez collected

a voucher from Occurrence 4 {Refulio 238) and

deposited it at RSA. Searches of Guadalupe and

San Clemente Islands in 2005 did not reveal any D.

californicum populations (Refulio-Rodriguez per-

sonal communication). A summary of all known
herbarium specimens is presented in Table 1

.

In mid-July, we found three additional occur-

rences within Quercus pacifica plots. The first

consisted of four populations in the eastern

section of the island near the town of Avalon,

totaling 75 individuals (Occurrence 5, fig. 2). The

second consisted of one population of four

individuals, and the third consisted of one lone

individual (Occurrences 6 & 7, Fig. 2); both

occurrences are near the isthmus in the north-

western section of the island. These finds brought

the total to approximately 678 individuals in 17

populations and seven occurrences (Fig. 2).

Dissanthelium californicum occured on a variety

of aspects, elevations, and slopes and had a range

of associated species (Table 2). The aspect of D.

californicum locations ranged from northerly

through easterly to south-southeasterly slopes,

and in elevation ranged from approximately

137 m to 290 m. It was found predominantly in

Island chaparral habitat, but also in areas where

this habitat intergrades with coastal sage scrub.

Revised Description

Dissanthelium californicum shows some plastic-

ity in its characteristics. The plant height ranges

from 10 cm or less to a maximum of 60 cm. In

shade, it is usually a bright green, but in the open

sun it tends to have a reddish tinge in the leaves,

stems, and inflorescences. Each individual plant

has from one to several flowering stalks. In

general, the stalks were erect, but some, especially

in shade, tended to be decumbent.

Dissanthelium californicum was flowering at the

end of March when we first observed it, and by

the beginning of May some seed was already

mature. By mid- to late- May, most florets had

fallen, and the plants discovered after May had

turned tan in color with only empty glumes

remaining. The new collections of this plant

(along with inspection of previously existing

collections) have given us an opportunity to

produce a revised description, below.

Dissanthelium californicum (Nutt.) Benth.

California Dissanthelium. Annual Stem
6-46 cm. Leaf: blade flat, 6-20 cm, 1-4 mm
wide, smooth, ligule membranous. Inflorescence

< 1.6 dm; panicle narrow to open, branches in

fascicles, some of them floriferous to the base.

Spikelet florets 2(3), green to occ. reddish-purple,

2.5-5 mm, equal; glumes narrow, acute, glabrous

or minutely scabrous on the keel toward the tip,

nearly equal, lower glume 3-veined, upper glume

1 -veined; glumes > florets; lemma 1.5-2 mm,
hairy, obtuse to acute. Open to full shade of

Island chaparral and coastal sage scrub; <500 m.:

sChI (Santa Catalina, San Clemente Islands);!

Baja CA (Guadalupe Island).

Refs. — Dissanthelium californicum (Nutt.)

Benth.
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Fig. 2. Map showing all seven occurrences of D. californicum found on Catalina Island between the end of March
and July of 2005. Numbers of individuals are estimates.
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Table 1. Floristic Documentation of D. Californicum. The 1912 date listed in Hickman (1993) appears to

be an error, and is revised here as 1903.

LocaHty Voucher Date Frequency and distribution

USA: CA, Santa W . Gambel s.n. (GH) ca. 1841-1845 Unknown
Catalina Island

iviJiA.n^vj. ouaoaiupe li. Po1m<=>t- OA ^NTV»r aimer vo (i> i j
1 87^
1 O / J On warm rocky slopes m the

Island. middle of the island; not

Guadalupe E. Palmer 96 (GH) 1875 very abundant; very succulent

Guadalupe E. Palmer 96 (CM #268852) 1875 and the goats are very fond

Guadalupe E. Palmer 96 (MO) 1875 of it (Watson 1876)

San Clemente B. Trask 324 (US #469621) 1903 ''common"
Santa Catalina J. McCune 1-3 (RSA) May 2005 Infrequent. Plant found in

Santa Catalina N Refulio-Rodriguez 238 (RSA) May 2005 seven locations on the

Santa Catalina J. McCune 1-3 (SBBG) May 2005 island (17 populations.

Santa Catalina J. McCune 1-3 Wrigley Memorial May 2005 678 individuals)

Botanical Garden, Avalon, CA.

Table 2. Site Characteristics at D. Californicum Locations on Santa Catalina Island. Elevations for

all occurrences are approximate. Slope for Occurrence 4 is estimated.

OCC # UTM ASP. Slope Elev.(m) Habitat Substrate and associated species

1 366902E 87" 5^

3695747N

2 371275E 130° 27^

3695273N

3 363801E 340° 34°

3691475N

4 367374E 157° 5^

3695702N

5 362599E 10° 22°

3700121N

6 374542E 145° 32'

3691983N

7 362947E 0° 26'

3700121N

260 Island chaparral

137 Island chaparral/

coastal sage

scrub

182 Island chaparral/

coastal sage

scrub

274 Island chaparral/

coastal sage

scrub

213 Island chaparral

251 Island chaparral

290 Island chaparral

Bare ground in part shade of Malacothamniis

fasciculatus, with Quercus pacificcu Bromus
madritensis, Polypogon interruptus,

Chenopodium californicum, Opuntia

littoralis.

Leaf htter or soil with large rock outcrops in

full or part shade of Q. pacifica or Salvia

mellifera, with Bracliypodium distachyon,

Bromus madritensis, Eucrypta

chrysanthemifolia, Melica imperfecta,

Opuntia littoralis.

Soil or near large rock outcrops in the open or

in part to full shade of Heteromeles

arbutifolia, with Salvia mellifera,

Polypodium californicum, Trifolium

willdenovii, Melica imperfecta, Bromus
madritensis, Bromus hordeaceous, Daucus
pusillus, Galium nuttallii, Rhus integrifolia,

Avena harbata, Vulpia sp.

Moist soil in full or part shade of Rhus
integrifolia, with Salvia mellifera,

Malacothamnus fasciculatus. Antirrhinum

nutallianum, Phacelia cicutaria,

Gnaplialium sp., Solanum sp., Chenopodium
californicum, Opuntia littoralis, Polypogon

sp., Desmazeria rigida, Brachypodium
distachyon, Piptatherum miliaceum.

Leaf litter or soil with rock outcrops in full or

part shade of Q. pacifica, Rhus integrifolia,

or Crossossoma californica, with Bronnis

madritensis, Gastridium ventricosum,

Melica imperfecta.

Moist soil, quite bare, in full shade of Q.

pacifica, Rhus integrifolia and Cercocarpus

betuloides, with Melica imperfecta.

Leaf litter in part shade of Q. pacifica, with

Opuntia littoralis, Bromus madritensis,

Brachypodium distachyon, Sonchus asper.
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Swallen & Tovar. Phytologia 11: 361-376. 1965.

Benth. in Hook. Icon. PI. III. 4: 56. pi 1375.

1881. Based on the next.

Steiwchloa califoniica Nutt. Journ. Acad. Phila.

II. 1:189. 1848. Type from Santa Catalina

Island, Gaiubel.

DlSSCUSSION

Three factors may have contributed to the

rediscovery of D. califonncum on Catalina Island

after having been unrecorded for more than a

century. First, it seems likely that D. californiciniu

like many other island plants, has responded to

the record rainfall in 2004-2005, making it more
abundant and conspicuous than in previous

years. Second, the removal of feral goats and
pigs has relieved grazing and rooting pressures.

Finally, the initiation of our project to charac-

terize the oak communities on Catalina Island

brought us to many rarely explored areas.

The island received 68.1 cm of rainfall during

the 2004—2005 season (averaged across Avalon,

Middle Ranch, Airport-in-the-Sky, and Two
Harbors), which was significantly greater than

the mean (Conservancy data: 29.8 cm, averaged

across four to six sites from 1948 2005) and the

highest rainfall recorded to date. This factor

likely contributed to the germination, abundance,
and robustness of D. califovuicwu that year. The
response of D. califovnicuiii populations to

rainfall was further indicated by 2006 survey

data: after below-average rainfall (24 cm from
July 2005 through June 2006), surveys of four out

of seven of the known population sites did not

reveal any plants.

It is unclear if D. califoruiciuu has seed that can
persist in the soil for years. Generally, grass seed

does not persist as long in the soil as seeds of
forbs, but annuals are more likely than perennials

to form a seed bank (Rice 1989 and references

cited therein; Thompson et al. 1998). Although
many annual grasses have very short-lived seeds

(i.e., 1-3 yr) (Zorner et al. 1984; Roberts 1986;

Thompson 1987; Russi et al. 1992; Masin et al.

2006), multiple species of Poa (both annual and
perennial) have been found to have more
persistent seeds (Roberts 1986; Thompson
1987). Results from germination trials by RSA
suggest that D. califoriucwu seeds do not possess

physical dormancy mechanisms, as they obtained
35% germination in 2006 by pre-treating the

seeds with only a 24-hour water soak (M. Wall
personal communication).

Introduced herbivores may have greatly re-

duced the abundance and distribution of D.

caUfornicwn. Introduced ungulates have particu-

larly severe impacts on island ecosystems, where
endemic plants lack defenses against herbivory,
and are a major cause of island extinctions (e.g.,

Coblentz 1978; Vitousek 1988; Adsersen 1989;

Atkinson 1989; Schofield 1989; Bowen and Van
Vuren 1997; Oberbauer 2005). Native plants and
animals may recover rapidly with the release of

this pressure (Wehtje 1994; Laughrin et al. 1994;

Chess et al. 2000), depending on environmental
factors such as water availability (Donlan et al.

2002). On Guadalupe Island, six plant species

presumed extinct and other rare pine seedlings

reappeared following goat removal (Krajick

2005).

Feral goats were reported on San Clemente
and Catalina Islands by the early 1800s (Dunkle
1950; Raven 1963), and thrived until systematic

eradication programs began in the 1970s on San
Clemente Island (Moran 1996) and in 1990 on
Catalina Island (Schuyler et al. 2002). Currently,

few or no goats remain on either island. It is

unknown when goats were first introduced on
Guadalupe, but the goat population peaked at

more than 100,000 in 1870. By 1994, the

population had been reduced to 7000 (Moran
1996), and today, nearly all goats have been

removed (Island Conservation 2007).

Other introduced animals on Catalina Island

that have posed a threat are feral pigs {Sus

scrofa), mule deer {Odocoileus hcmionus), and
American bison {Bison bison). Rooting distur-

bance by feral pigs decreases plant productivity

and may disturb over 65% of the land in areas

with high pig densities (Sweitzer and Van Vuren
2002); they have contributed to the extinctions of

numerous oceanic island species (Waithman et al.

1999). Although mule deer are primarily brows-
ers, grasses comprise between 21% (December-
January) and <1% (June-July) of their diet on
Catalina Island, and their population on the

48,000-acre island is estimated at 2341 individuals

(range: 1682-3259) (Manuwal and Sweitzer 2007;

T. Manuwal, University of North Dakota,
unpublished data). Introduced bison on Catalina

Island alter plant communities by grazing,

foraging, trampling, and wallowing, and have
been found to facilitate the dispersal of non-

native plants (Sweitzer et al. 2003; Constible et al.

2005). Trampling by bison and deer was found to

negatively impact oak seedlings on the island

(Manuwal and Sweitzer 2007). Their diet is

composed of approximately 84% grasses; they

appear to have the positive effect of reducing

non-native annual grass cover, although their

input of nutrients may also encourage annual

grass growth (Sweitzer et al. 2003).

Management of these introduced herbivores is

being addressed by the Conservancy. The major-

ity of the feral pigs were eradicated by the end of

2004; there are currently 14 animals estimated

remaining, and the Conservancy continues its

efforts. Bison herds are managed to between 150

and 200 individuals. Mule deer have been
harvested almost annually on Santa Catalina

Island from 1949 through the present, currently
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as part of the Private Lands Management
program of the California Department of Fish

and Game. Final results from a two-year mule
deer study will be submitted by the end of 2007,

and management options are under discussion.

With the removal of feral goats from all three

islands where D. califomicum has been known to

occur, the remaining threat of largest concern is

competition with invasive annual and perennial

grasses. These introduced species, including

Bromus spp., Avena spp., Lolium spp., and Vulpia

spp. have been shown to interfere with native

shrubs, forbs, and perennial grasses (Young and
Evans 1973; Da Silva and Bartolome 1984;

Gordon et al. 1989; Danielsen and Halvorson
1991; Eliason and Allen 1997; Dyer and Rice

1999; Hamilton et al. 1999; Brown and Rice 2000;

Kolb et al. 2002). Invasive perennial grasses

occurring on Catalina such as Piptatherum
miliaceinu (L.) Cosson, Festuca arundinacea
Shreber and Pluikiris aquatica L., and other

non-grass invasive species are also of concern

(Corbin et al. 2004; Bossard et al. 2006).

Introduced grasses are listed as associated species

at five of the seven occurrences of D. califomi-

cum. Although invasive annual grasses are too

ubiquitous on the island to control except in very

targeted areas, the Conservancy has initiated an
ambitious Invasive Plant Management Program,
targeting 25 species for eradication and five for

reduction based on extensive mapping data and
ecological impact considerations, and targeting

watersheds containing high numbers of rare

species and habitats (Knapp and Knapp 2005).

To better understand the status of the species

in the wild, we need to know more about its

range, frequency and annual variabihty on the

island, its growth requirements, and any addi-

tional threats. Studies of seed germination and
plant growth requirements are particularly im-

portant. The Catalina Island Conservancy con-

tinues to monitor known populations of D.

califomicum and survey additional high potential

locations; it is our hope that it will regain the

'common' status attributed to it by Trask more
than a century ago.
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Abstract

Relocation and further study of the local endemic Asclepias zacatecana McVaugh showed that it is

conspecific with A. scluijfnevi A. Gray, a distinct species that previously had been synonymized with

A. (juiiu/iiedentafa A. Gray. However, we consider a recently described species, A. rzedowskii W.D.
Stevens, to be conspecific with A. qiiinquedentata. Asclepias schciffucri is lectotypified.

Resumbn

El redescubrimiento y estudios consecuentes de Asclepias zacatecana McVaugh, una especie

endemica de Zacatecas de distribuci6n restringida, muestra que es sinonimo de A. schaffiieri A. Gray,

la cual a su vez ha sido incluida como parte de A. quiiiqiiedentata A. Gray. Se discute porque A.

sluifjheri es diferente de A. quiuquedentata y es el nombre correcto para reconocer A. zacatecana. Sin

embargo, se considera que otra especie recientemente descrita, A. rzedowskii W. D. Stevens es a su vez

sinonimo de A. quinquedentata. Se lectotipifica A. schaffiieri.

Key Words: Apocynaceae, Asclepiadoideae, Asclepias, lectotype, Mexico, milkweed, taxonomy.

Asclepias zcicatecana McVaugh (Apocynaceae)
was described from a single collection made by
Salvador Correa in 1975 {Correa 25 [MICH]) in

the Sierra de Morones of Zacatecas, Mexico
(McVaugh 1978). This species has been thought

to be a rare, local endemic; prior to the fieldwork

reported here, the only other collection known to

the authors was made in the same general area in

1971 {Dmz 2356 [ENCB]). In the summer of 2006,
we located a population attributable to A.

zacateccma in this area {Fishbein et cil. 5846
[HPSU, MEXU, MO], Juarez-Jaimes et al. 813
[MEXU]), and also discovered populations of
what is clearly the same species north of
Juventino Rosas, Guanajuato [Juarez-Jaimes
819 [MEXU], Fishbein et al 5856 [HPSU]). This

apparent range extension of 300 km to the

southeast prompted further investigation into

the distribution and affinities of A. zacatecana,

the results of which are presented here.

Asclepias zacatecana is most similar to other

diminutive, narrow leaved, and small-flowered

milkweeds of Mexican highlands, such as A.

fournieri Woodson, A. quinquedentata A. Gray,
A. rosea Kunth, and A. scaposa Vail, but is

readily distinguished by floral and vegetative

characteristics. However, specimens identical in

every respect to A. zacatecana were described by
Gray (1880) as A. scliaffneri A. Gray {Schaffner
56 [syntype GH, isosyntype MO] and Parry &
Palmer 582 [syntype GH]), but this name was

later treated as a synonym of A. cpiinquedentata

by Woodson (1954) in his monograph of North
American Asclepias. It is worth noting that Parry,

who may have been the collector of flowering

specimens of milkweeds attributed to "Parry &
Palmer'' from the vicinity of San Luis Potosi

prior to Palmer's arrival in late July 1878

(McVaugh 1956), recognized two distinct species

in these collections when he assigned different

catalogue numbers to specimens referable to A.

schajfneri and A. quitujueclentata (582 and 583,

respectively). Parry assembled and numbered
these collections at his home in Davenport, Iowa
in early 1879 (McVaugh 1956), suggesting that

his separate numbers may have been based as

much on a perceived specific difference as on
distinct gatherings in the field. Gray (1880) also

explicitly distinguished Parry & Palmer 582, one
of his syntypes of A. schaffneri, from Parry &
Painter 583, which he determined to be A.

quinquedentata. In the protologue of A. schaff-

neri. Gray compared his new species not to his A.

quiiujuedentata, but to A. coulteri A. Gray, a

plant of larger stature and flowers that is endemic
to calcareous substrates in the Sierra Madre
Oriental (Gray 1880).

Gray's recognition of A. schaffneri and A.

quitiquedentata as distinct species was followed by
Hemsley (1881), who observed duplicates of the

Parry & Palmer and Schaffner collections at

Kew. Vail (1898) added another name based on
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these collections by describing A. palmeri Vail

with Parry & Pa/nier 583 as type. She explicitly

compared her new species to both A. qiiinque-

dentata and A. schaffueri, claiming that A.

palmeri was clearly distinct and intermediate

between the other two species, but in an
unspecified manner. However, her description

of A. palmeri is wholly commensurate with the

range of variation found in A. quiuquedentata.

Woodson (1954) followed Gray (1880) in consid-

ering Parry and Palmer 583 to belong to A.

quiuquedentata, a determination with which we
are in agreement. Although not referring specif-

ically to the syntypes of A. schaffneri, Woodson
(1954:90) noted that specimens collected in San
Luis Potosi (the state in which Gray's syntypes

were collected) were atypical of ^. quiuquedentata

and perhaps the result of hybridization with A.

eoulteri. Woodson's reasoning is not explicit,

though his inference may have been based on the

corona of A. schaffneri (Fig. lA), which is more
similar in form (but not size) to that of A. eoulteri

(Fig. IC) than that of A. quiuquedentata
(Fig. ID). However, we have found that the

three species are easily distinguished by corona
morphology alone, in addition to other floral and
vegetative characters (Table 1 ).

Other than some similarity in corona form,

there is little reason to attribute the distinctive

traits of A. sehafjneri to hybridization between A.

quiuquedentata and A. eoulteri, species that are

almost completely allopatric and with very

different habitat preferences (Fig. 2). Aselepias

quiuquedentata is found in grass-dominated
openings in oak woods on a variety of substrates,

but typically not on limestone, whereas A.

eoulteri is found almost exclusively on limestone

outcrops, usually in submontane scrub. A.

schaffneri is known from an apparent gap in the

distribution of A. quiuquedentata between Dur-
ango and San Luis Potosi, outside the range of A.

eoulteri (Fig. 2). Other than Parry and Palmer's

rather vague collecting localities in San Luis

Potosi, there is no indication that any pair of

these species co-occurs. It should be noted that

Woodson (1954) made other unwarranted infer-

ences of hybridization involving poorly known
Mexican Aselepias (cf. Fishbein and Lynch 1999).

Most recently, Aselepias rzedowskii W.D.
Stevens, a species described from Estado de
Mexico (Stevens 1983), was distinguished from
A. quiuquedentata by an entire, rather than

toothed, upper hood (corona) margin. We have
examined specimens of A. rzedowskii from the

general region of the holotype (the holotype is

missing; see below) and conclude that the

distinguishing character is, at best, inconstant.

We provisionally reduce A. rzedowskii to the

synonymy of A. quiuquedentata.

Our study of the types A. quiuquedentata, A.

schaffneri, and A. zacatecana, in addition to a

large proportion of the few collections of these

entities represented in herbaria, supports the

recognition of both A. quiuquedentata and A.

schaffneri, the conspecificity of A. zacatecana and
A. schaffneri, and the conspecificity of A.

rzedowskii and A. quiuquedentata. Characters

useful in distinguishing A. schaffneri, A. quiuque-

dentata, and A. eoulteri are presented in Table 1

and known localities of these species are shown in

Fig. 2.

Taxonomy

ASCLEPIAS SCHAFFNERI A. Gray, Proc. Amer.
Acad. Arts 16:103-104. 1880.—TYPES: MEX-
ICO, San Luis Potosi, mountains near Mo-
rales, July 1876, Schaffner 56 (lectotype,

designated here, GH!, isolectotypes, K!,

MEXU!, MO!), MEXICO; San Luis Potosi,

chiefly in the region of San Luis Potosi, 22° N
Lat., 6000-8000 ft., 1878, Parry & Palmer 582
(syntype, GH!, isosyntypes, K!, MO, 2 sheets!).

Fig. 3A.

Aselepias zacatecana McVaugh, Contrib. Univ.

Mich. Herb. 11:289. 1978. Syn. nov.—TYPE:
MEXICO, Zacatecas, near summits between
Jalpa and Tlaltenango, 2400-2500 m, 22 July

1975, Corea 25 (holotype, MICH!).
Additional specimens seen. MEXICO, GUA-

NAJUATO, Mpio. de Juventino Rosas, Juventino

Rosas-Guanajuato road, 23 km north of Juven-

tino Rosas, 2220 m, 6 July 2006, Judrez-Jaimes

et al. 819 (MEXU); Mpio. de Juventino Rosas,

25 km north of Juventino Rosas, 2290 m, 6 July

2006, Fishbein et al. 5856 (HPSU, MEXU, MO).
Zacatecas, Jalpa-Tlahenango road, 2100 m, 2

July 1971, Diaz 2356 (ENCB); Mpio. de Tlalte-

nango, Sierra de Morones, Tlaltenango-Jalpa

road, 27 km southeast of Tlaltenango, 2525 m,
5 July 2006, Judrez-Jaimes et al. 813 (MEXU),
Fishbein et al. 5846 (HPSU, MEXU); Mpio. de

Chalchihuite, southeast end of Sierra Prieta,

3 km north of La Colorada mining area, 30 km
south of Sombrerete along gravel roads, 16 km
(by air) southeast of Chalchihuite, above 2900 m,
25 July 1982, Diggs and Nee 3008 (F).

Aselepias schajfneri is endemic to mountains of

the central plateau of Mexico, in the states of

Guanajuato, San Luis Potosi, and Zacatecas

(Fig. 2). The species is documented from pine-

oak forest from 2100 to 3000 m. It is apparently

quite rare, occurring in small, widely dispersed

populations. The plants can easily be overlooked

because of their small stature and narrow leaves.

Aselepias schaffneri should be sought in the

adjacent states of Aguascalientes, Durango,
Jalisco, and Queretaro where similar habitat

occurs.

Gray (1880) cited two syntypes in describing A.

schaffneri. We have selected the first cited

collection, Schaffner 56, as a lectotype, because
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Fig. 1. Comparison of the flowers of Asclepias sclmffneri, A. coulteri, and A. quiuquedentata. A. Flower of .4.

scliaffneri from a population in the Sierra de Morones, Zacatecas, Mexico (Fishheiu et al 5846). B. Inllorescence of
A. sclmffiieri from the same population in Zacatecas. C. Flower of A. coiilteri from a population in the Sierra

Gorda, Queretaro, Mexico (Fishheiu et al 5172). D. Flowers of A. quinqiiedeutata from a population in the Galiuro
Mountains, Arizona, USA {Fishheiu & Kiug285()). Photos by M. Fishbein (A, C, D) and L. Alvarado-Cardenas (B).

it is represented in four major herbaria and
because of the epithet chosen by Gray. The other
syntype is Parry & Pcdiner 582. One of the two
sheets of Parry & Pahuer 582 housed at MO
consists of two mature, fruiting specimens. These

were surely collected at a later date than the

flowering specimens with the same catalogue

number, which are more commonly i-epresented

in herbaria. It is quite possible that the fruiting

specimens were collected by Palmer, rather than



72 MADRONO [Vol. 55

Table 1. Distinguishing Characters of Asclepias coulteri, A. quinquedentata and A. schaffneri (see

also Figs. 1, 3).

Character A. coultei'i A. quinquedentata A. schaffneri

Growth form

Inflorescence

Corolla color

Corona color

Corona height

Corona appendage
C'horn'") posture

Sub-shrub with multiple,

branched shoots that

persist for more than

1 yr

Flowers laxly spreading; a

few may be pendent

Green

White

More than twice as tall as

anthers

Strongly incurved over style

apex

Herbaceous, annually renewed
shoots that are basally

branched with one to

several fertile stems and
several short, sterile stems

Flowers all pendent

Green, often with reddish

or brownish tinge

Brown or purplish at base,

white at apex
Slightly surpassing anthers

Strongly incurved over

style apex

Herbaceous, annually

renewed shoots that are

unbranched, with 1-2

fertile stems

Flowers laxly spreading;

a few may be pendent
Pink or magenta

Pink or magenta, paler at

apex
More than twice as tall as

anthers

Erect to slightly incurved

Parry, who had left San Luis Potosi by August 3,

1878 (McVaugh 1956). The fruits of ^. schaffneri

and A. cjiiiuqiiedentata are not sufficiently known
to permit definitive determination of the speci-

mens bearing fruits that are mounted on a single

sheet at MO. The architecture of the plant on the

left side of the sheet is consistent with that of A.

sc/iaffiieri. However, the plant on the right bears

two short, sterile branches inore suggestive of A.

quinquedentata. The probability that this sheet

represents a mixed collection of the two species is

bolstered by the existence of Parry & Palmer 583,

which consists of bona fide flowering specimens

of A. quinquedentata. It is conceivable that Parry

erred in compiling the catalogue for the collec-

tions when he associated fruiting specimens,

which may have been collected by Palmer after

Parry's departure from the field, with flowering

speciinens that Parry may have collected earlier in

the year. Other than this putative mixed collec-

tion, there is no evidence that these two species

ever occur in sympatry.

AscLEPiAS QUINQUEDENTATA A. Gray, Proc.

Amer. Acad. Arts 12:71. 1877.—TYPE: USA,
West Texas [sic], on or near the San Pedro

Fig. 2. Approximate collection localities of representative specimens of A. eoulteri (squares), A. quinquedentata

(triangles), and A. seluiffneri (circles). Type localities are indicated as follows: A. eoulteri (), A. quinquedentata

(A), A. rzedowskii (^), A. seJiaffieri (•), A. zaeateeana {%).
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Fig. 3. Type specimens of Asclepias schaffneri and A. c/uinquedeutata. A. Isolectotype of A. schaffneri A. Gray in

the Herbario Nacional, Universidad Nacional Autonoma de Mexico (MEXU). B. Isotype of A. quinquedcutata A.

Gray in the Missouri Botanical Garden Herbarium (MO). Photo used by permission of the Missouri
Botanical Garden.

River, 1851 2, C Wright 1689 (holotype, GH,
not seen, isotypes K!, MO!, US!). Fig. 3B.

Asclepias quinquedentata A. Gray var. neomex-
icana Greene ex A. Gray, Proc. Amer. Acad.
Arts 16:103. 1880.~-TYPE: USA, New Mex-
ico, rocky mountain-side east of Pinos Altos,

22 June 1880, Greene s. n. (holotype, GH, not

seen, isotype, MO!).
Asclepias palmeri Vail, Bull. Torr. Bot. Club

25:171-172. 1898.—TYPE: MEXICO, San
Luis Potosi, chiefly in the region of San Luis
Potosi, 22 N Lat., 6000-8000 ft., 1878, Parry
& Palmer 583 (holotype, GH!, isotypes, MO!,
NY!).

Asclepias amsonioides Standi., Field Mus. Nat.
Hist., Bot. Ser. 22:44. 1940.—TYPE: MEX-
ICO, Chihuahua, El Cima, 29 June 1936,

LeSueur 848 (holotype, F!, isotypes, ARIZ!,
GH!, TEX!, US!).

Asclepias rzedowskii W.D. Stevens, Phytologia

53:402^03. 1983. Syn. nov. TYPE: MEX-
ICO, Estado de Mexico, parte baja de ladera

sur del Cerro Sincoque, 2200 m, 15 April 1981,

Romero & Rojas 34-1193 (holotype, ENCB,
not found).

Additional specimens seen. MEXICO, Chi-

huahua, Sierra Madre, Cusihuiriachic, 30 Au-
gust 1887, Pringle s.n. (MEXU, MO); Sierra

Madre, 1899, Nelson 6130 (US); Sierra Madre,
Colonia Garcia, 11 July 1899, Townsend & Barber

125 (US, 2 sheets); Madera, 1908, Palmer 321

(U.S.); Mpio. Guerrero, 0.5 mi east of El

Alamito, along Arroyo Cueva del Toro,
2230 m, 5 June 1984, Bye 12881 (MEXU);
Nabogame, 1800 m, 27 August 1987, Laferriere

980 (MEXU, MO). DiSTRiTO Federal, Lomas
de la Fe, May 1929, Lvonnet 503 (MEXU);
Lomas, June 1938, Lvonnet 3080 (MEXU, 2
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sheets). Durango, Mpio. Suchil, Cienega de los

Caballos, 2300 m, 10 June 1976, Martinez 567
(MEXU). ESTADO DE Mexico, 3 km west of Rio
Hondo, 2350 m, 15 April 1973, Rzedowski 30404
(ENCB). UNITED STATES, Arizona, Cochise

Co., Chiricahua Mountains, 17 Jun 1960,

McCormick 169A (ARIZ); Cochise Co., Hua-
chuca Mountains, 2200 m, 12 August 1990,

McLaughlin 6009 (ARIZ); Graham Co., Galiuro

Mountains, 1737 m, 7 Nov 1993, Fishbein et a/.

1513 (ARIZ), 1820 m, 28 July 1996, Fishbein &
King 2850 (ARIZ); Pima Co., Rincon Mountains,
1 August 1910, Thomber s.n. (ARIZ), 25 July

1982, Bovvers R421 (ARIZ), 13 August 1983,

Bovvers R1256 (ARIZ); Pima Co., Santa Rita

Mountains, 1554 m, 26 July 1986, McLaughlin
3744 (ARIZ); Pima Co., Kitt Peak highway,

6.9 mi south of jet with AZ highway 89, 28 July

1988, McLaughlin 4796 (ARIZ); Santa Cruz Co.,

Nogales to Ruby, 25 August 1940, Kearnev
14,904 (ARIZ).

Although A. quinquedentata is a widespread

species, it is apparently rare throughout its range.

It has been found in the Mexican states of

Chihuahua, Durango, Mexico, San Luis Potosi,

and the Distrito Federal, and in the United States

in Arizona and New Mexico, but probably not

Texas (see below; Fig. 2). Most collections have
been made in southern Arizona and western

Chihuahua. The species occurs mostly in open
oak woods in mountains and foothills. Like A.

schajfneri, A. quinquedentata appears to occur in

small, widely separated localities and is diminu-

tive and inconspicuous. The species should be

sought in apparent gaps in its distribution

—

between western Chihuahua and southeastern

Durango, between Durango and San Luis Potosi,

and between San Luis Potosi and Estado de
Mexico (Fig. 2). Interestingly, the gap between
Durango and San Luis Potosi is occupied by the

entirety of the known range of A. schaffneri.

Asclepias rzedowskii, described from specimens

collected from the southern end of the range of A.

quinquedentata in Estado de Mexico (Stevens

1983), is provisionally placed in synonymy. The
type was said to differ from A. quinquedentata by
an entire upper margin of the hood of the corona
(rather than a sharply toothed margin). Southern
populations identified as A. rzedowskii appear to

flower earlier (April June) than more northerly

populations in the main range of A. quindque-

dentata (June July); however, this is likely to be a

consequence of the earlier onset of the rainy

season in the southern region. Although the type

of A. rzedowskii could not be located at ENCB,
we have examined specimens at MEXU collected

by Lyonnet in Estado de Mexico that were
discussed by Stevens (1983). These specimens

bear the toothed upper hood margin character-

istic of A. quinquedentata and otherwise conform
in all respects to that species. We consider the

variation in hood morphology present in the type

specimen of A. rzedowskii to be insufficient for

species recognition without additional morpho-
logical evidence or apparent geographic isolation.

Although the type locality of A. quinquedentata

has been thought to be in Texas, it is most
probably in Arizona. Gray (1877) cites in the

protologue "West Texas, on or near the San
Pedro River" as the type locaUty of A. quinque-

dentata; a similar location is indicated on the

label of the isotype at MO (Fig. 2). Whereas there

is no significant watercourse in Texas named San
Pedro, there is a San Pedro River in Arizona that

was a known collecting locality of Wright in

1851-1852 (Wooton 1906). According to

Wright's field notes, he collected at the San
Pedro, or approaching or departing the river, on
September 8 12 and again on September 24-^29,

1851. These are the only dates in his field notes

on which he was at this locality. Of particular

note is Wright's locality "San Pedro (on banks
and near)", listed for Sept. 9-11, which approx-

imates the wording on the specimen labels

(Wooton 1906). Furthermore, A. quinquedenata

has not been collected subsequently from Texas,

but it has been collected repeatedly in southeast-

ern Arizona (and adjacent southwestern New
Mexico), including the watershed of the San
Pedro River (Fig. 2). According to Wooton
(1906), Wright did not collect in Texas in 1851

and collected in Texas, but not Arizona, in 1852.

Thus, the most probable place and time of the

type collection of A. quinquedentata was on or

near the banks of the San Pedro River, Arizona,

on Sept. 9-11, 1851.

Asclepias coulteri A. Gray, Proc. Amer.
Acad. Arts 12:71. 1877.—TYPE: MEXICO,
Hidalgo, Zimapan, Coulter 983 (holotype,

GH!, isotypes, K, 2 sheets!).

Asclepias tithvnialoides Greene, Erythea 1:151.

1893.—TYPE: MEXICO, San Luis Potosi, dry

limestone ledges near Los Palmas, 25 Jul. 1891,

Pringle 3786 (holotype, GH!, isotypes, K!, LL,

2 sheets, photo!, MEXU!, TEX, photo!, US,
photo!).

Representative specimens. MEXICO, GUA-
NAJUATO, Mpio. Atarjea, Cerro de Veracruz,

1250 m, 16 May 1990, Ventura 7986 (MEXU,
MO, TEX); Mpio. Atarjea, El Banco, 1250 m, 13

June 1991, Ventura 9241 (MEXU, MO); Mpio.
Xichu, 13 km north of Xichu, 900 m, 31 July

1998, Zamudio 10782 (lEB). Hidalgo, Mpio.

San Agustin Tlaxiaco, Barranca de Meztitlan,

1300 m, 8 July 1974, Sanchez 2283 (MEXU),
1800 m, 6 June 1977, Sanchez 2787 (MEXU);
10 km northwest of Zimapan, 1000 m, 9 August
1965 Gonzalez s.n. (LL); Mpio. Zimapan, Casa de

Maquinas, 1100 m, 20 May 1992, Huerta 1621

(MEXU). QuERETARO, Mpio. Cadereyta, north

of Mesa de Leon, upper part of Rio Moctezuma,
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1700 m, 12 May 1993, Zcumulio 9041 (lEB);

Mpio. Cadereyta, north of La Tinaja, Canada de

la Culebra, 1550 m, 8 June, 1995, Zcimudio 9508

(IBB); 6.5 km north of IVlesa de Leon, 1675 m, 4

July 2005, Steinmann 5133 (HPSU, lEB); Mpio.

Jalpan, 9 km south of La Parada, 1400 m, 23

June 1988, Zcmmdio 6523 (lEB); Mpio. Jalpan, 3-

4 km west of La Parada, 1300 m, 24 May 1991,

Servin 1057 (MO); Mpio. Jalpan, east of Tan-

chanaquito, 450 m, 20 May 1993, Lopez 611

(MEXU); Mpio. Landa, 4 km east of La Vuelta,

1400 m, 21 October 1994, Zcimudio 9419 (lEB),

10 June 2002, Steinmann 2489 (lEB), 25 Septem-

ber 2002, Zcimudio 12128 (lEB), 4 July 2003,

Fishbein 5172 (HPSU, lEB); Mpio. Penamiller,

1 km west of Peiiamiller, 1450 m, 28 July 1977,

Zamudio 2264 (MEXU, MO); Mpio. Penamiller,

1.5 km west of Rio Blanco, 1600 m, 26 Septem-

ber 2002, Steinmann 2858 (lEB); Mpio. Tollman,

1 km south of Adjuntillas, 16 June 1978,

Zamudio 2882 (MEXU, MO, TEX). San Luis

POTOSi, Minas de San Rafael, June 1911, Purpus

5215 (MEXU, MO); 6.4 km east of Ciudad
Valles, 23 March 1976, Hansen 3846 (LL,

MEXU). Tamaulipas, north of Hoja Verde,

1825 m, 22 June 1949, Stanford 2026 (MO, RSA);
Mpio. Victoria, canyon above Ciudad Victoria,

road to Jaumave, 31 August 1950, Sharp 50368
(MEXU); Mpio. Xicotencatl, 14 mi southwest of

Ciudad Victoria, 1225 m, 9 June 1962, Webster

11249 (MEXU, MO); 35 km west of Jaumave,
1650 m, 7 October 1982, Henrickson 19112b
(TEX).

Asclepias coulteri is a characteristic species of

submontane scrub on limestone in the Sierra

Madre Oriental, in the states of Guanajuato,
Hidalgo, Queretaro, San Luis Potosi, and Ta-
maulipas (Fig. 2). It is especially notable growing
on the faces of limestone cliffs, with its virgate

branches and pendulous flowers. Gray's (1877)

protologue indicates ''Mexico" without a more
specific location as to the type locality. One of the

two isotypes at K, sheet number 1867 from
Hooker's herbarium, indicates that Zimapan,

presumably in Hidalgo, is the locality of Coulter's

type collection.
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Abstract

Cryptcmtha crinita Greene (silky cryptantha) is a rare native annual plant previously known solely

from alluvial soils of the northern Sacramento Valley in California. It has been considered a lowland
species (85-300 m) associated with creekbeds. Several recent collections (1990-2004) made in upland
habitats at 850-1200 m show that the species is more common and has a wider ecological amplitude
than previously thought. Although the habitats of the upland and valley sites differ, they are both
characterized by a sparse vegetative cover which appears to be a key factor for establishment and
growth of C. crinita.

Key Words: breccia, California, Cryptcmtha crinita, Ishi Wilderness, Tuscan formation.

Cryptantha crinita Greene is a rare annual

native plant (List IB, CNPS 2001) of northern

California. Discovery of a disjunct upland
population in 2003 prompted several site visits

and a review of herbarium specimens by the

authors. This investigation has demonstrated that

the species is more common and has a wider

geographic distribution and ecological amplitude

than previously documented. Field botanists and
botanical surveyors should change their percep-

tion of potential habitat for C. crinita to include

Tuscan mudflow and other rocky upland sites

with little competing vegetation.

Before 1990, the species was known from only

22 occurrences in Shasta and Tehama counties.

All of these populations were found in alluvial

soils of ephemeral creekbeds or permanent
creekbanks on the floor of the northern Sacra-

mento Valley at elevations of 90-290 m. At least

40% of these valley populations are threatened by
residential development, gravel mining, cattle

grazing, or recreation (Lis 1994). The remaining

populations may be impermanent due to the

dynamic and unstable nature of their ephemeral
streambed habitat.

On April 25, 1990, the first upland population

of C. crinita was discovered at 850 m elevation

{Dean W. Taylor 10684, UC1584585). Located
north of South Cow Creek near Shingletown, CA
(40'22'55.8"N, 122"09'20.7"W), the population

was found growing on volcanic soil in an opening

surrounded by chaparral and ponderosa pine.

Due to the unusual habitat and distance from
other occurrences this population was considered

an anomalous product of a long-distance dispers-

al event.

Since Taylor's initial upland discovery, several

other populations have been found in upland
habitats away from riparian zones. The location

and habitat of these recently discovered popula-

tions challenge the notion that ephemeral creek-

beds of the northern Sacramento Valley are the

exclusive or primary habitat of the species. The
populations from Tehama and Shasta counties

(Table 1 ) are all in upland habitats away from the

riparian zone.

As a result of the confirmed upland occur-

rences the known range of C. crinita has

increased southward by 10 km and eastward by
34 km into the extreme eastern edge of the

Cascade foothills. The uppermost known eleva-

tion has increased from 290 m to 1200 m, an
increase of 910 m. Furthermore, the discovery of

the species in upland habitats of open gray pine

and blue oak woodland, coupled with montane
chaparral habitat at the Shingletown site, indi-

cates that it has a wider ecological amplitude

than previously believed. All of these recently

discovered upland populations were found on
obviously volcanic substrates, particularly Tus-

can mudflow. Thus, the species' upland distribu-

tion may be limited to such substrates or to

habitats with little competing vegetation regard-

less of substrate.

Given this new range and ecological informa-

tion, it is clear that much of the intervening area

with potential habitat has not been surveyed for

C. crinita. This property is mostly private land,

national forest, wilderness, or game refuge (in-

cluding the Lassen National Forest, Ishi Wilder-

ness, Tehama Game Refuge, and Dye Creek

Preserve) with rough terrain and poor access.
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Table 1. Summary of Upland Cryptantha crinita sites in Chronological Order.

Voucher information Locality Elevation and habitat

Dean W. Taylor 10684 ( UCJ584585) 40°22'55.8"N 850 m. On volcanic soil in an

Shasta County 122°09'20.7"W opening surrounded by

4/25/1990 Shingletown area north of chaparral and ponderosa
South Cow Creek. pine.

Dean W. Taylor 13492 (JEPS90293 40°35'5.7"N 760 m. South facing gently

and 90908) 12r52'6.2"W sloping volcanic mudflow
Shasta County Private. Off of Ponderosa Way. breccia bordered by forest.

5/25/1993 with vernally moist gravel.

Brian Elliott 11631 (CHSC 84666) 40°12'25.9"N, 12r'46'42.8"W 900 m. On patches of exposed

Tehama County Lassen National Forest on the Tuscan mudflow, on southern

5/31/2003 north edge of the Ishi exposure, in full sun with no
Wilderness, on the ridges litter. Surrounded by open gray

above and between Rancheria pine and blue oak woodland
Creek and Avery Creek in the with scattered Ceanothus
Mill Creek watershed. cordulatiis.

Brian Elliott 11633 (CHSC 84682, 40° 1
2

' 7.4"N,121 "46 '55. 7"W 990 m. On patches of exposed

JEPS 105600) Lassen National Forest on the Tuscan mudflow, on southern

Tehama County north edge of the Ishi exposure, in full sun with no
5/31/2003 Wilderness, on the ridges litter. Surrounded by open gray

above and between Rancheria pine/blue oak woodland.
Creek and Avery Creek in

the Mill Creek watershed.

Brian Elliott 11634 (CHSC 84665, 40°7'2.6"N, 121°42'22.9"W 1 100 m. On roadcut through

JEPS 105599) Lassen National Forest, eastern volcanic mudflow.
Tehama County edge or Ishi Wilderness, in

5/31/2003 the Deer Creek Watershed.

Samantha Mackey Hillaire 430 40°8'12.4"N 1200 m. Soil a volcanic Tuscan
Tehama County 121°43'21.3"W mudflow, with a west-facing

4/10/2004 Lassen National Forest, Ishi moderate slope, in full sun

Wilderness, along the Lassen with no litter. Found in an
Trail, on ridge north of Big open rocky expanse with a few
Dry Creek. Arctostapliylos shrubs Associated

dililLiClid die jtLo 1 1 tl^tllLii^i ^ 1^1 tJtilLit r

Lotus, and Micropiis.

Brian Elliott 12537 and 12625 40°6' 58.2"N, 12L42'55.7"W 1 100 m. Soil a volcanic Tuscan
Tehama County Lassen National Forest, Ishi mudflow, with general western

4/40/2004 Wilderness, along the Moak exposure, in full sun with little

Trail, on ridge between Big litter.

Dry Creek and Deer Creek.

Habitat Description

Valley Creekbed Habitat

Although the species is rare, population
growth models of C. crinita have demonstrated
that it does possess the potential for positive

population growth under favorable conditions

(Mackey 1999). Quantitative description of hab-
itat at three lowland study sites (Mackey 1999)
indicates that favorable conditions for this species

include sparse vegetation cover. This is consistent

with field observations at both lowland and
upland sites.

The three creekbed sites used in Mackey's
thesis had low cover from competing annual

species and little or no large woody vegetation.

The abundance of annual grass stems (in stems/

m^) was measured at sites with C. crinita. An
average of 137-140 stems/m- was found in 1997

1998 with a high of 293 stems/m-, which was
much less than in a long-term study of California

annual grassland that measured an average of

5113-30,537 stems/m^ in "typical" grassland sites

(Heady 1958). In addition to low competition,

lowland C. crinita sites were also characterized by
alluvial soils with physical properties that provide

a harsh environment and inhibit thick plant

cover. The soil is rocky with little free soil

between the creek cobbles. Often there is a

volcanic hardpan layer underneath the riparian

zone (25-50 cm below the surface) that prevents
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Table 2. Associates of Cryptantha crinita at Lowland Sites. Nomenclature follows Hickman (1993).

Scientific name Family Origin Lite torm

Aira caryophyllea Poaceae introduced annual graminoid
Bromus hordeaceus Poaceae introduced annual graminoid
Bromus madritensis subsp. rubens Poaceae introduced annual graminoid
Bromus diandrus Poaceae introduced annual graminoid
Bromus tectorum Poaceae introduced annual graminoid
Cryptantha flaccida Boraginaceae native annual forb

Cryptantha muricata Boraginaceae native annual forb

Erodium spp. Geraniaceae introduced annual/biennial forbs

Eschscholzia lobbii Papaveraceae native annual forb

Lepidium nitidum Brassicaceae native annual forb

Lomatium utriculatum Apiaceae native perennial forb

Lotus humistratus Fabaceae native annual forb

Micropus californicus Asteraceae native annual forb

Petrorhagia dubia Caryophyllaceae native annual forb

Plagiobothrys nothofulvus Boraginaceae native perennial forb

Plantago erecta Plantaginaceae native annual forb

Poa bulbosa Poaceae introduced perennial graminoid
Thysanocarpus curvipes Brassicaceae native annual forb

Triphysaria eriantha subsp. eriantha Scrophulariaceae native annual forb

Vulpia myuros Poaceae introduced annual graminoid

survival and growth of most large woody riparian

vegetation. The soil between the gravel and
cobbles is sand to loamy sand (76-90% sand)

that holds little water and dries quickly after

inundation. These alluvial soils contain little

organic matter (<2%), and are deficient in

important macronutrients, particularly phospho-
rus, potassium, nitrogen, and sulfur, that are

readily leached from the coarse-textured soils.

The soils were generally high in magnesium,
containing 318-448 ppm (7 times the amount
used for agricultural crops).

These lowland creekbed sites are also charac-

terized by periodic disturbance. Although the

lowland creeks are ephemeral, they sporadically

carry heavy torrents of water, particularly in the

winter. The rushing winter water disturbs the

habitat so greatly that few plants are able to

become established or survive.

The physical properties of the soil, the dynamic
and shifting nature of ephemeral creekbeds, and
the lack of shade-providing riparian vegetation

are all factors that serve to reduce competition in

the lowland habitat of C. crinita. Some plant

species, mostly annual, do manage to survive in

this habitat. Table 2 lists associated species at

lowland sites.

Upland Habitat

Although the upland sites differed from the

valley creekbed sites in many ways, they also had
similarities that make them suitable habitat for C.

crinita. Upland populations of C crinita were
found on soils derived from Tuscan and Basaltic

Mudflow with little soil development. These
slightly acid soils are thin inceptisols. An imper-

meable layer under these thin, rocky Tuscan soils

produces an environment in which many species,

particularly woody and invasive species, are

unable to grow due to water stress and low
nutrient availability (Chiarucci 2003). They are

very rocky to extremely rocky, medium textured

and/or sandy loams that are part of the Toomes,
Iron Mountain, and Supan Series. Large rocks (8-

90 cm) and exposed bedrock can make up to 25%
or more of the soil surface. They are well-drained

to excessively well-drained soils that hold little

water and become hard when dry. The soils are

only an average of 20-30 cm deep, and are

underlain by an impervious layer that consists of

either basaltic rock or breccia of tuffaceous

material cemented together (USDA Soil Conser-

vation Service 1967, 1974). Trees and shrubs are

only able to grow where cracks exist in this layer.

Because vegetation provides organic material

that increases water retention, these poorly

vegetated rocky and sandy soils remain too

well-drained to support much additional vegeta-

tion. Humic material also tends to lower soil pH,
enhancing availability of minerals in the soil to

plants. Lack of available nutrients, particularly

the macronutrients nitrogen, phosphorus, and
potassium, has been shown to play a large role in

limiting the productivity of hard volcanic soils

and minimizing colonization of invasive species

(Chiarucci 2003; Huenneke et al. 1990).

Another factor limiting encroachment of veg-

etation, most notably large woody vegetation,

into the upland C. crinita sites is local precipita-

tion patterns. The foothills of eastern Tehama
and southeastern Shasta counties lie in a band of

lower precipitation than hills of similar elevation

to the north and south. This precipitation deficit
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Table 3. Associates of Cryptantha crinita at Upland Sites. Nomenclature follows Hickman (1993).

Scientific name Family Origin Life form

Astragalus pauperculus Fabaceae native annual forb

Bromus madritensis subsp. rubens Poaceae introduced annual graminoid

Bromus hordeaceus Poaceae introduced annual graminoid

Bromus tectorum Poaceae introduced annual graminoid
Centaurea solstitialis Asteraceae introduced annual forb

Chorizatithe polygonoides var. polygonoides Polygonaceae native annual forb

Chorizanthe stellulata Polygonaceae native annual forb

Githopsis pulchcllo subsp. cavupcstris dl Iipdl 1 uicn^cac native annual forb

Lotus humistratus Fabaceae native annual forb

Micropus californicus Asteraceae native annual forb

Petrorhagia dubia Caryophyllaceae native annual forb

Polygonum bolanderi Polygonaceae native perennial shrub

Taeniatherum caput-medusae Poaceae introduced annual graminoid
Thysanocarpus curvipes Brassicaceae native annual forb

Vulpia microstachys var. pauciflora Poaceae introduced annual graminoid

probably results from a rain shadow effect from
the Yolla Bolly Range which is located to the

west of this area (A. Conlin, National Resources

Conservation Service, personal communication).

Foothills in the northern Sierra and southern

Cascade regions typically receive an average of

125-165 cm of precipitation per year (Oregon
Climate Service 1995). This level of precipitation

promotes the growth of woody vegetation, in this

case montane conifer forest dominated by
ponderosa pine, down to approximately 600 m
elevation. However, eastern Tehama and south-

eastern Shasta counties receive an average of only
90-125 cm of precipitation per year (Oregon
Climate Service 1995). As a result, conifer forest

does not become the dominant vegetation type in

this area until approximately 1070 m elevation.

Grass and shrubland vegetation, usually found at

lower elevations, remain the main vegetation

types at higher elevation than typically expected.

Cryptantha crinita shares its upland habitat

with many other species. Species commonly
associated with C. crinita at the upland sites in

Tehama County are listed in Table 3. Similar to

the lowland sites, most of the associates are

annuals. Some associates, particularly the brome
grasses and Centaurea solstitialis, are highly

competitive invasive species.

As a result of its affinity for ephemeral
creekbed habitats, botanists and land managers
have assumed that C crinita is a disturbance-

loving species. One difference between the upland
sites and lowland creekbed sites, however, is the

lack of a regular disturbance regime at the upland
sites. Thus, rather than being a disturbance-
loving species, C. crinita may instead merely
tolerate disturbance that reduces competition
from other species. While the upland populations
inhabit much more stable habitats compared to

their lowland counterparts, both habitats are

characterized by low density of other species, and
therefore low levels of competition.

Discussion

Several factors led to the perception that C
crinita grows only in lowland creekbed habitats

with alluvial soil. First, the type locality for the

species was found in the valley, and no upland
populations were found in the ensuing 95 years.

Second, small annual Cryptantha spp. are diffi-

cult to identify in the field, and neither the

lowland nor upland populations stand out to

the casual or even trained observer. Third, the

upland habitat has relatively poor access, often

compounded by the presence of copious poison
oak. Finally, since much of the land in question

has been set aside as wilderness and wildlife

preserve, there have been only a few state or

federal projects in the area, and therefore the area

has not been subject to much botanical scrutiny.

The first documented upland site (Taylor

10684) was hypothesized to be the result of a

long-distance dispersal event. The subsequent
discovery of several upland populations in

separate watersheds since Taylor's 1990 discovery

makes this hypothesis less tenable. It is unlikely

that several upslope dispersal events have taken

place in separate watersheds, particularly since no
upslope dispersal mechanism is known. A more
likely scenario is that the upland sites are the

primary habitat for the species, and the lowland
sites, long thought to be the typical habitat of the

species, are the result of long-distance dispersal

events. Several observations support this alterna-

tive view. First, the upland populations have
greater population size and area, providing a

more copious and reliable seed source than the

lowland populations. Although no quantitative

population census or mapping has been per-

formed, field observations have led to subjective

estimates of upland populations as numbering in

the thousands of individuals on 100 to several

hundred acres. Valley floor populations are

believed to number in the hundreds of individuals

on approximately 10 acres. Second, the upland
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populations grow in more stable habitats and are

more likely to persist through time. Finally, a

downstream dispersal mechanism is known (the

single nutlets within a hairy calyx are known to

float, Mackey 1999), while no upstream or

upslope dispersal mechanism is known.
The upland populations create a more coherent

overall view of population dynamics for the

species. Lowland creekbed populations establish,

expand, contract, or are extirpated as they are

disturbed by erosion and flooding, or as gravel-

bars stabilize and competition makes the habitat

unsuitable for C. crinita. A source of new seeds

for the unstable and ephemeral creekbed occur-

rences is. provided by the more stable upland
populations. Seeds are washed downstream from
the upland populations and come to rest in the

alluvial soils of the valley bottoms. Although this

habitat differs in many ways from the upland
sites, lack of vegetative cover allows C. crinita to

establish and survive in the lowland sites at least

temporarily.

Even with the discovery of additional larger

populations in the uplands, it is clear that C.

crinita is a rare species. It remains limited to

relatively few occurrences in a small geographical

range within Shasta and Tehama counties of

northern California. These new discoveries do
indicate that the species is more plentiful than

previously thought, and has a wider ecological

amplitude as well. Additional populations may
exist in the intervening areas between lowland
populations and the recently discovered upland
sites. However, the presence of several highly

competitive introduced species such as Bromus
madritensis subsp. rubens, B. tectorum, Centaurea

solstitialis, and Taeniatheruni caput-medusae as-

sociated with C. crinita in upland habitats may
pose a threat from increased competition.

Potential for Further Research

The distribution and population dynamics of

C. crinita present an ideal opportunity for

population genetic analysis. If the lowland
populations are a result of long-distance dispersal

events from upland populations, then lowland
populations should have less genetic variabiUty

and should be a genetic subset of the upland
populations.

On a final historical note, it seems fitting that

these upland populations have only recently been

discovered, since this is the same remote country
where Ishi, the last free-living Stone Age Native
American, was able to hide and survive until 1908.
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Lilaeopsis schaffneriana var. recurva (Hill)

Affolter, is a small aquatic to semi-aquatic plant

restricted to mid-elevation cienega and riparian

margins in southeastern Arizona and northwest-

ern Sonora (Hendrickson and Minckley 1984). It

was listed as Endangered in 1997 under the

Endangered Species Act of 1973 (as amended)
because of "degradation and destruction of

habitat resulting from livestock overgrazing,

water diversions, dredging, and groundwater
pumping" (USFWS 1997). Trampling and over-

grazing by livestock are commonly cited as

threats to this species, however, we have found
no documented cases or quantification of live-

stock effects. Herein, we document and quantify

the effect of trampling by trespass livestock on
Lilaeopsis schaffneriana var. recurva in Leslie

Canyon National Wildlife Refuge, Cochise
County, Arizona.

During 2003, we established a pilot monitoring
program for Lilaeopsis schaffneriana var. recurva,

which occupied 12 distinct patches in Leslie

Canyon National WildUfe Refuge. The protocol

required taking multiple, cross-patch measure-
ments of each patch and plotting the measure-
ments on simpHfied drawings of the patches. The
diagrams were then taken back to the lab, scaled

polygons were drawn in TurboCAD (IMSI
2002), and from these polygons the area of each

patch was estimated. The sum of the individual

patch areas is the total area occupied. The
trampling effect of trespass livestock was assessed

in the same manner, where portions of patches

destroyed by livestock were measured, described

as polygons with area calculations, and summed
across all trampled areas.

All patch measurements were completed on 1

3

Jun 2003. Total area occupied by ten Lilaeopsis

schaffneriana var. recurva patches along Leslie

Creek was 27.11 m^; individual patches averaged

2.71 m- (SD = 2.54). On 6 Jul 2004, a trespass

bull entered Leslie Canyon National Wildlife

Refuge and spent 4 d within the riparian area; it

appeared that most of the individuafs time was
spent away from the Lilaeopsis patches. During
the time that the bull spent around the Lilaeopsis

patches, 1.47 m- (5.4% of the total area occupied)

were lost to trampling.

This event allowed us to quantify the effect of a

single livestock individual on Lilaeopsis schaff-

neriana var. recurva, over a span of only 4 d.

Even though resource use patterns by livestock

could leave some patches unaffected, the damage
caused by this single individual indicates that

even a small number of livestock could eradicate

most of the Leslie Creek Lilaeopsis population in

several days to weeks. Therefore, based on the

negative effect caused by this short-term event,

our conclusion is that livestock should be

excluded from areas occupied by Lilaeopsis

schaffneriana var. recurva.
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Abstract

A new species, Eriastrum signatum D. Gowen, is described for most plants previously identified as

E. sparsiflorum, and a new combination, E. harwoodii (T. T. Craig) D. Gowen, is proposed for densely

woolly plants having apiculate corolla lobes found in the eastern Mojave Desert. Additionally, both E.

sparsiflorum and E. tracyi are discussed, and a key to Eriastrum with small stamens is provided.

Eriastrum sparsiJJorum is a minutely glandular-pubescent annual plant limited to small areas in the

southern Sierra Nevada, and along the eastern base of the Sierra in California and western Nevada.
Eriastrum sparsiflorum has been misapplied to Eriastrum signatum and E. tracyi. Eriastrum signatum

ranges from Oregon to southern California and western Nevada, and differs from E. sparsiflorum by
having a dark maroon colored spot at the base of the corolla lobes and lacking glandular hairs.

Eriastrum tracyi, which is presently placed in synonomy under E. hrandegeeae, warrants recognition as

a distinct taxon. It occurs on coastal ranges of CaHfornia, the western edge of the Modoc Plateau in

northeastern Shasta County, as well as the southwestern Sierra Nevada.

Key Words: Eriastrum, Polemoniaceae.

In this paper, based on field and herbarium
studies, I propose several changes to the taxon-

omy of Eriastrum Wooton & Standi from recent

treatments (Mason 1945; Abrams 1951; Munz
1959; Patterson 1993). More than 1500 collec-

tions were examined at UC/JEPS and CAS, as

well as RENO, PGM, and SBBG. A large

percentage of these collections bear the annota-

tions of Craig, Harrison, and Mason, three

influential workers on the genus. These annota-

tions reflect their interpretation of the genus.

From most regions represented by the herbarium
studies, plants were also observed in the field

during the past four years. In addition, all but

one of the taxa discussed in this paper, as well as

many other Eriastrum taxa, have been grown
during several seasons under common garden
conditions in Oakland, CaHfornia. Field samples

and garden plants were especially useful in

providing fresh material for corolla dissections

and allowed observation of characters not always

obvious with herbarium collections (e.g., flower

color, stamen size and position). Based on these

studies, I propose a new species previously

included in E. sparsiflorum (Eastw.) H. Mason,
a new combination, and the resurrection of E.

Tracyi H. Mason. I also provide a key to these

and morphologically similar Eriastrum taxa.

New Species Treatment

Eriastrum signatum D. Gowen, sp. nov. (Fig. 1).

TYPE: U.S.A., CALIFORNIA, Kern Co.,

Frazier Mtn. Park Road west of Lebec, ca.

5.8 mi. west of 1-5. Growing in granitic sand

between the road and stream. 21 June 2005,

David Gowen 346 (holotype: JEPS; isotypes

BRY, RSA).
A E. sparsifloro habitu eglandifero et unusquis-

que lobo corollae signo atropurpureo proximo
basi differt.

Erect annual, to 35 cm high; stem sometimes
simple, but often branching near the base,

herbage lightly floccose; internodes 1-5 cm.
Leaves light green, to 3 cm long, subulate-awn

tipped, entire or some leaves with one pair of

lobes, lobes to 8 mm long. Flowering heads few to

many, floccose, 0.5-1.0 cm wide; bracts to 2.5 cm
long, exceeding heads, with 1 or 2 pair of lateral

lobes. Calyx 5-10 mm long, densely woolly, lobes

unequal, tips not obscured by trichomes. Corolla

regular, sub-salverform, 7-1 1 mm long, lobes pale

blue to light pinkish blue, with a dark maroon
colored, irregularly shaped spot near the base, and
a yellowish throat, lobes elliptic, 2^ mm long and
1-1.5 mm wide, throat plus tube 4.5-7 mm long,

sinus to stamen insertion 0.5-0.75 mm. Stamens
1.5-2 mm long, filaments 1 mm long, anthers

versatile, sagittate, 0.75-1 mm long. Style ca. 4-

5 mm long, stigma 0.5-0.75 mm long. Capsule ca.

6 mm long and 2.5 mm wide, 3-loculed, seeds (1)

2 per locule.

Eriastrum signatum is the plant most often

identified as E. sparsiflorum, and the most
widespread of the four plants discussed in this

paper. It can be recognized by its light blue to

pale corolla lobes with the anthers exserted just

beyond the sinus of the corolla lobes. The most
useful characters distinguishing it from E. sparsi-

florum are the presence of a dark maroon colored
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Fig. 1. Eriastrum signatum. A. Habit. B. Bract. C. Corolla. D. Dissected corolla. E. Seeds from one locule of the

three-loculed capsule showing their orientation to each other.
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spot centered near the base of each corolla lobe,

and the lack of any glandular hairs on the plant.

Although not every flower on a plant will have
this spot, it is the prevalent condition. The
specific epithet is derived from the Latin signum,

meaning mark, or sign.

Eriastrum signatum is found from the Trans-

verse Ranges in Ventura County, east to western

San Bernardino County, north on the eastern side

of the Sierra Nevada and western Nevada, into

northeastern California and along the eastern

side of the Cascade Range to central Oregon.
Frequently, it is found in pinyon-juniper wood-
land. At several locations, it is sympatric with E.

sparsiflorum (e.g., Canebrake Rd., Tulare Co.;

near Woodfords, Alpine Co.; Mottsville, Douglas
Co., Nevada), but it does not seem restricted to

the granitic soils favored by E. sparsiflorum.

It is not uncommon to find more than one
species of Eriastrum growing in close proximity

(Craig 1934; Mason 1945). I have found this to

be true with many different Eriastrum species,

and of the many examples I have seen, there has

been no detectable morphological evidence of

hybridization.

Excluded from Eriastrum signatum are two
similar plants that occur in southern portions of

the inner Coast Ranges. These plants have
corolla lobes with the same basic color pattern

(i.e., blue with a dark spot at the corolla lobe

base), but in other ways are not similar. Research
is ongoing to determine their affinities. Plants

found in San Benito, Monterey, and western

Kern counties (e.g., Gowen 117, Yadon s.n.,

Twisselmann 1243, 4466, & 17808) differ by
having slightly longer filaments, attached lower

in the corolla tube. Although Twisselmann (1967)

cited his collections 1243 and 4466 as E. hooveri,

it should be noted that they are not that species.

Plants from San Luis Obispo Co. that Mason
(1945) referred to E. wilcoxii (e.g., Hoover 6162,

Bacigahipi 5143, Gifford 830), have longer,

unevenly exserted stamens, and corolla lobes

almost as long as the tube. Both of these plants

have one seed per locule, compared to E.

signatum, which usually has two.

Representative collections: Cahfornia. Alpine
Co.: Woodfords, Baciga/upi & Heckard 6064
(JEPS); same area, Gowen 649 (JEPS). Kern
Co.: southwest of Lebec, Weiler & Taylor 61110
(UC); west side of Walker Pass, Gowen 621

(JEPS). Lassen Co.: Hallelujah Junction, Gowen
656 (JEPS). Mono Co.: Wildrose Canyon,
southeast of Glass Mtn., Gowen 636 (JEPS).

Siskiyou Co.: Lake Shastina, 19 July 1987, A.

Hale s.n. (UC); same area, Gowen 776 (JEPS).

Tulare Co.: Canebrake Road, Gowen 622 (JEPS).

Ventura Co.: Mt. Pinos, H. M. Hall 6580 (UC);
upper Lockwood Valley, Mt. Pinos region,

Dudley Lamb 4685 (UC); west of Lockwood
Valley, 10 June 1947, A. G. Vestal s.n. (UC);

Cerro Noroeste Road west of Quatal Canyon
Road, Gowen 490 (JEPS). Nevada. Douglas Co.:

Kingsbury Grade, southeast of Lake Tahoe,
Mason 12169 (UC); above Mottsville on Hwy
207, Gowen 652 (JEPS).

Eriastrum signatum is the plant most often

identified as E. sparsiflorum. These misidentifica-

tions have been the result of treatment authors
basing their concept ofE. sparsiflorum primarily on
different plants than Eastwood's type collection.

The type of Eriastrum sparsiflorum, originally

named Gilia sparsiflora by Eastwood (1902), is a

plant she collected from along the Bubbs Creek
trail in Kings River Canyon, Fresno County,
Cahfornia. She described her plant as being
"minutely glandular-pubescent", an unusual
character in a genus that is typically woolly.

The only other Eriastrum that appear glandular

are E. sapphirinum (Eastw.) H. Mason, and
perhaps sometimes E. eremicum (Jeps.) H.
Mason, and E. pluriflorum (A. Heller) H. Mason.
Because flowers of these other plants have
stamens almost as long as the corolla lobes, they

are unlikely to be confused with E. sparsiflorum,

which has short stamens exserted just beyond the

sinus of the corolla. The vegetative portion of the

plant does resemble E. sapphirinum, however. It is

unclear whether the hair is actually glandular

(i.e., forming a secretion), but the stubble-like

appearance is readily discernable and helps

provide a definitive means for recognizing E.

sparsiflorum. These hairs are short, spreading,

and only a few times longer than thick, compared
to the more flowing floccose hairs of E. signatum.

They can be found to varying degrees on most
parts of the plant, but are generally most obvious

on the upper stems and below the flowering

heads. All the plants currently referable to E.

sparsiflorum have this character, whereas none
assigned to E. signatum do.

Mason (1945) defined Eriastrum as recognized

today with species previously placed in Navarre-

tia, Gilia, or Hugelia. Mason's work was a

modification of the treatment by Craig (1934),

and credited Craig with having made the first real

organization of the genus. Craig included a

description of E. sparsiflorum, which he called

Gilia filifolia var. sparsiflora, and listed represen-

tative material from Washington, Idaho, Oregon,
California, Nevada, and Baja California. The
only collection from Fresno Co. mentioned was
Eastwood's type collection. He noted that the

Eastwood collection and plants from Mt. Pinos

(Ventura County) represented a "rare race" of

"two poorly defined races", and that "the other

race" was "more woolly".

Mason's (1945) work did not offer much of a

description for Eriastrum sparsiflorum, other than

noting how it differed from E. wilcoxii (A.

Nelson) H. Mason and E. filifolium (Nutt.)

Wooton & Standi. He included an ideograph
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representing the size of the corolla and stamens.

Both E. tracyi and E. brandegeeae were described

as new (Mason 1945), each with a limited

distribution in the inner North Coast Range of

California. Craig had treated collections of these

two taxa as "intergrades". Although Mason
described the range of E. sparsiflorum as "East

base of Cascades and Sierra Nevada, Tehachapi

Mountains, and north on the west slope of the

Sierra Nevada to Fresno County, California",

the only representative specimens from California

that he cited were two from Mt. Pinos in Ventura

County. Both of these {Hall 6580, Dudley &
Lamb 4685) are what I've treated here as E.

signatum. Mason did include his own collection

from Nevada (Mottsville, Mason J2362), which is

one of the few collections matching the type of E.

sparsiflorum.

Following Mason's work, most of the major
floras (e.g., Abrams 1951; Munz 1959; Hickman
1993), as well as a treatment of the genus by
Harrison (1959, 1972), have echoed Mason with

only minor changes. Harrison's (1959) treatment

of E. sparsiflorum included a longer list of

representative collections covering similar regions

as had Craig, but additionally included Howell
16142, and Rose 40675, both made in the 1940's.

These two are from near the type area in Fresno

Co. The Howell collection is E. sparsiflorum, but

the Rose collection is E. tracyi. The drawings of

dissected corollas that Harrison (1959, 1968)

presented to illustrate E. sparsiflorum are from
material collected from Nevada just east of Lake
Tahoe {Mason 12169). This collection however, is

E. signatum, not E. sparsiflorum.

What is evident from the works of these

authors is that their concept of E. sparsiflorum

was based primarily on a different plant than is

represented by Eastwood's type collection. This
can also be observed by the annotations made by
these authors on herbarium collections. None of
the treatments prepared by these authors includ-

ed Eastwood's description of the plant as being

"glandular-pubescent".

ERIASTRUM Sparsiflorum

Eriastrum sparsiflorum (Eastw.) H. Mason, Ma-
drono 8: 86. 1945.

—

Gilia sparsiflora Eastw.,

Proc. Calif. Acad. HI, 2: 291. 1902. —
Navarretia filifolia Kuntze subsp. sparsiflora

Brand in Engler, Pflanzenreich IV, 250: 167.

1907. —Gilia filifolia Nutt. var. sparsiflora J. F.

Macbr, Contr. Gray Herb. 49:57. 1917. —
Hugelia filifolia var. sparsiflora Jepson, Man.
Fl. PI. Calif. 792. 1925. —Type: U.S.A.,
California, Fresno Co., Bubbs Creek, South
Fork of Kings River, 1-13 July 1899, Alice
Eastwood s.n. (holotype: CAS!).
As described by Eastwood (1902), E. sparsi-

florum is "minutely glandular-pubescent". The

floral heads tend to have a narrow appearance,

with few flowers per head, as the name implies.

The whole plant, which is generally much taller

than E. signatum, appears sparse and elongated.

Before seeing these plants in the field, I had
surmised that Eastwood's collection had possibly

grown in the shade and was not representative of

the plant in more natural conditions. I have since

seen the plant growing in exposed sites and the

flowers are still few and the floral heads are

narrow. The bracts and leaves are often without

lobes, or the lobes are short and barely angled

away from the axis. An excellent drawing that

illustrates the distinctive habit of E. sparsiflorum

compared to E. signatum can be found in

Harrison (1972). This drawing shows the type

of E. sparsiflorum {Eastwood s.n.) as well as two
collections of E. signatum, one from the Mt.
Pinos region {Twisselmann 2316), the other

northeastern CaHfornia {Bacigalupi & Robbins

5417).

The corollas of Eriastrum sparsiflorum are

uniformly pale whitish with a shght tint of blue

or lavender. They have the appearance of being

white, compared to E. signatum, which generally

appears light blue. (On several flowers I have
found a barely perceptible dark fleck or two at

the base of the corolla lobe that hints of the more
obvious pattern of E. signatum, but such flowers

are rare, and thus are unlikely to be encoun-
tered.) The throat is slightly widened and the

stamens are exserted about two anther lengths

beyond the sinus of the corolla lobes in E.

sparsiflorum. Eastwood described the flower as

"white with some purple dots in the funnel-form

throat".

Eriastrum sparsiflorum H. Mason has been
generally thought to be a widespread species,

found from central Oregon to southern Califor-

nia and western Nevada. However, only a

handful of herbarium collections identified as E.

sparsiflorum match the type of the species. (Most
specimens that I examined were E. signatum.)

Based on specimens matching the type specimen,

the distribution of Eriastrum sparsiflorum in-

cludes scattered locations in the southern Sierra

Nevada of Fresno, Tulare, and northeastern

Kern counties. It also occurs at the eastern base

of the Sierras in Inyo County, the northwestern

base of the White Mountains in Mono County,
then north along eastern Alpine County and the

western edge of Nevada to southeastern Lassen

County. Most often it is found in granitic sand,

frequently in sagebrush scrub.

Representative collections: CaHfornia. Alpine

Co.: near Woodfords, Gowen 648 (JEPS). Fresno

Co.: Kings River Canyon, Zumwalt Meadows,
J.T. Howell 16142 (CAS). Inyo Co.: 7 mi. south

of Bishop, Duran 1466 (UC); Keough Hot
Springs Road, Gowen 641 (JEPS). Kern Co.:

8 mi. west of Walker Pass, Hwy 178, Shevock 999
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(CAS). Lassen Co.: Red Rock Road, south of

Constantia, Gowen 657 (JEPS). Mono Co.: near

mouth of Queen Dick Canyon, Morefield &
McCarty 3767 (UC); mouth of Marble Creek
4.4 mi. S 56° E of Benton, Morefield & McCarty
4028 (UC); Benton, Gowen 646 (JEPS). Tulare

Co.: about 1 1/4 mi. north of Soda Spring on
Freeman Creek, near trail to Jerky Meadow,
C.N. Smith 1222 (JEPS); base of Church Dome,
along FS 34E08, Shevock 8991 (CAS); Kennedy
Meadows, Twisselmann 7860 (CAS, SBBG).
Nevada. Ormsby Co.: Eagle Valley, C. F. Baker
1403 (UC). Douglas Co.: Mottsville, Mason
12362 (UC); above Mottsville, near Hwy 207,

Gowen 651 (JEPS).

Eriastrum Tracyi

Eriastrum tracyi H. Mason, Madroiio 8: 87. 1945.

—Type: U.S.A., California, Trinity Co.: Hay-
fork Valley, 30 June 1923, J. P. Tracy 6463
(holotype: UC!; isotypes JEPS! UC!).

Recently E. tracyi has been considered a

synonym of E. brandegeeae (Patterson 1993).

Patterson did not elucidate his reason for

synonymizing E. tracyi, but he was likely

following comments made by Harrison (1959,

1972). Harrison (1959) maintained E. tracyi as a

distinct entity "with considerable hesitancy" until

"a second collection is made in the area that may
substantiate the distinction". At the time of

writing, Harrison believed that only the type

collection, and possibly the disjunct Sharsmith

3299 collection from Santa Clara County, repre-

sented E. tracyi. Eriastrum tracyi is frequently

misidentified to E. sparsiflorum, especially when
found in the southern Sierra Nevada, where it

previously was not known to occur. Several

collections annotated as E. sparsiflorum by
Harrison are E. tracyi (e.g.. Rose 40675, L.R.

Short S-208).

The distinctions between E. tracyi and E.

brandegeeae are subtle and additional work is

needed to better understand their relationship.

Eriastrum tracyi has shorter stamens and wider

corolla lobes. Collections from their type loca-

tions, as well as garden plants grown from those

collections can be separated on this basis. Plants

found geographically between these two areas

(i.e., in Colusa and Glenn counties) are more
problematic. Several distinct forms are found, but

they do not seem to show a definable gradation

between the two species. Future molecular work
might provide a better understanding of this

group.

The small anther size, short, mostly included

stamens (they just reach the corolla sinus), and
corolla lobe shape unite plants from the south-

western Sierra with E. tracyi found in the type

area of Trinity County. Plants found in Santa
Clara County (e.g., Sharsmith 3299), as well as

northeastern Shasta County also appear to

belong here. In the southwestern Sierra Nevada
it occurs in Kern, Tulare, and Fresno counties,

most often associated with chaparral communi-
ties. In the Kings River Canyon it is found not far

from the type area of E. sparsiflorum.

The corollas of Eriastrum tracyi are blue to

almost white. Most often they have a yellow to

white throat above the blue in the upper portion

of the tube. The corolla is less widened in the

throat and the lobes are shorter and wider
compared to E. signatum and E. sparsiflorum.

There is no spot at the corolla lobe base.

Eriastrum tracyi usually develops only a single

seed per locule, although the Sierra plants

occasionally will develop two. Both E. sparsi-

florum and E. signatum have two seeds (or rarely

one) per locule.

Representative collections: California. Fresno

Co.: Kings River Canyon, junction of Middle &
South Fork, Rose 40675 (CAS, UC); along
CaUfornia Hwy 180, 0.1 mi. west of Ten Mile

Creek, Sequoia National Forest, Shevock 8774
(CAS); Bell Fire Rd., east of Auberry, Gowen 480
(JEPS). Kern Co.: Poso Creek near Poso Mine,
C.N. Smith 1 (UC); on Greenhorn, about 6 mi.

from head of Eugene Grade, C.N. Smith 1043

(JEPS); Havilah Ranger Station, L.R. Short S-208

(UC); hill just east of Bodfish Gap, Twisselmann

12149 (CAS). Santa Clara Co.: Arroyo Bayo, 17

June 2003, Gowen s.n. (JEPS). Shasta Co.: Fall

River Mills-Cassell Rd., Oswald 9561 (JEPS);

same area, Gowen 783 (JEPS).

New Combination in Eriastrum

Eriastrum harwoodii (T. T. Craig) D. Gowen,
Stat, et comb. nov. —Gilia filifolia var.

harwoodii T. T. Craig, Bull. Torrey Bot. Club
61: 424-425. 1934. —Hugelia diffusa var.

harwoodii Jepson, Fl. Calif. 3: 167. 1943. —
Eriastrum diffusum subsp. harwoodii (T. T.

Craig) H. L. Mason, Madrono 8: 77. 1945. —
Eriastrum sparsiflorum subsp. harwoodii (T. T.

Craig) H. K. Harrison, Phytomorphology 18:

401. 1968. —Type: U.S.A., California, River-

side Co., sandy desert 1200 ft., Blythe Junc-

tion, 2 April 1920, Munz & Harwood 3589,

(holotype: POM!).
Eriastrum harwoodii was treated as a variety or

subspecies of Gilia filifolia, E. diffusum (A. Gray)

H. Mason, and E. sparsiflorum, before being

placed in synonomy under E. sparsiflorum by
Patterson (1993). As noted in the discussion

above, previous workers based their understand-

ing of E. sparsiflorum on E. signatum. Rather than

now moving E. harwoodii to either E. signatum or

E. sparsiflorum, it is elevated to species level

because it is morphologically, ecologically, and
geographically distinct from the other two species.

This proposal parallels the treatment of E.
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diffusum and E. sparsiflorum, also formerly

treated as varieties under Gilia filifolia, and
subsequently elevated to species status.

The entire plant of Eriastrum harwoodii is

conspicuously woolly, in marked contrast to E.

sparsiflorum, which is minutely glandular-pubes-

cent, or E. signatum, which is sparsely floccose.

The flower is straw yellow or whitish with

apiculate corolla lobes. The corolla lobes are

shorter and wider than E. sparsiflorum or E.

signatum. Eriastrum harwoodii occurs outside the

ranges of both, being known only from sandy
desert areas of eastern San Bernardino and
Riverside counties.

Representative collections: California. River-

side Co.: 3 mi. south of Rice on Blythe Road,
Wolf 3119 (UC). San Bernardino Co.: Kelso,

June 1915 Brandegee s.n. (UC); Dale Dry Lake,
P. A. Munz 15690 (UC); slopes south of Dale Dry
Lake, Bacigalupi 6240 (JEPS).

Key to annual Eriastrum with stamens exserted less than 1/2 corolla lobe length

L Anthers exserted beyond sinus of corolla.

2. Stamens unequal, longest filament twice or more the length of the anther; leaves often 3-5-lobed

E. wilcoxii

2' Stamens equal, filaments less than twice the length of the anther; leaves often entire.

3. Plant minutely glandular-pubescent E. sparsiflorum
3' Plant floccose to woolly, not minutely glandular-pubescent.

4. Corolla lobes light blue, with dark colored spot at base, rounded apically; mainly of pinyon-

juniper woodland E. signatum
4' Corolla lobes straw yellow or whitish, without dark colored spot at base, apiculate apically;

mainly of creosote bush scrub E. harwoodii

r Anthers below or just at the sinus of corolla.

5. Upper leaves and bracts pinnately 3-7-lobed; inflorescences many flowered, densely bracteate, dense

wool matted at base E. abramsii
5' Upper leaves and bracts 1-3-parted, or palmately 5-lobed; inflorescences few flowered, bracts few,

loosely woolly.

6. Corolla 7 10 mm long, blue to lavender or white; seeds l(-2) per locule.

7. Corolla light blue to white, lobes 1.2-1.5 mm wide (length = 2x width); stamens 0.75-1 .5 mm
long, filaments equal anther length E. tracyi

7' Corolla light blue to lavender, lobes 0.9-1.1 mm wide (length = 3X width); stamens 1.5-2 mm
long, filaments twice anther length E. brandegeeae

6' Corolla 5 7 mm long, white; seeds 2-A per locule E. hooveri
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NOTEWORTHY COLLECTIONS

Arizona

Dactyloctenium radulans (R. Br.) P. Beauv.

(POACEAE) [button grass].—Pima Co., Marana, ca.

20 km NNW of Tucson, Continental Ranch community
and the adjacent floodplain (west bank) ofthe Santa Cruz
River, Sonoran desertscrub on farmland fallow for over

10 yr, summer ephemeral occurring in low areas and
drainages on silty-clay substrate. Locally common
around a mudhole on floodplain, with A triplexpolycarpa,

Bouteloua aristidoides, B. barbata, Chloris virgata, and
Pennisetum cUiare, 32°21 '45.5"N, 1 1 1°06'35.7"W, elev.

648 m, 9 Sept 2006, J.F. Wiens 2006-157 (ARIZ,
ASDM). Rare near the top of concrete embankment of

the Santa Cruz River, with Bouteloua aristidoides, B.

barbata, Chloris virgata, Eragrostis echinochloidea, Iso-

coma teniusecta, Larrea divaricata, Panicum coloratum,

Pennisetum ciliare, and Prosopis velutina, 32°22'07.3"N

111°06'43.1"W, elev. 646 m, 9 Sept 2006, J.F. Wiens
2006-160 (ARIZ, ASDM). Locally abundant along

shallow drainage on the floodplain, with A triplex

polycarpa, Chloris virgata, Larrea divaricata, Pennisetum

ciliare, and Prosopis velutina, 32°22'10.2"N

lir06'50.4"W, 641 m, 9 Sept 2006, J.F. Wiens 2006-

162 (ARIZ, ASDM). Rare in concrete-sided drainage

within the community, with Bouteloua aristidoides,

Eragrostis lehmanniana, and Sorghum halepense,

32°22'18.4"N, 1 1 1°08'09.6"W, elev. 640 m, 24 Sept

2006, M.F. Hanson 2006-01{ARIZ). Rare in concrete-

sided drainage within the community, with Bouteloua

aristidoides, Cynodon dactylon, Eragrostis lehmanniana,

and Prosopis velutina, 32°23'08.9"N, 1 1 1°07'36.6"W,

elev. 636 m, 24 Sept 2006, M.F. Hanson 2006-02

(ASDM). Locally common in concrete-sided drainage

within the community, near Silverbell and Cortaro
Farms Rds., with Amaranthus palmer i, Bouteloua aris-

tidoides, Chloris virgata, Dactyloctenium aegyptium, and
Eragrostis lehmanniana, 32°20'59. 1"N, 1 1 1°06'05.0"W,

elev. 651 m, 25 Sept 2006, JF. Wiens 2006-183 (ARIZ,
ASU, UT, US, ASDM), det. J. R. Reeder. Rare (solitary

plant) found on a graded site 1 2 kmWSW ofTucson (on

Eagle Cove Drive, just E of the intersection ofAZ Hwy.
86 and W. Valencia Rd.), with Prosopis velutina,

Pennisetum ciliare, Chloris virgata, and Salsola tragus,

32°08'15.5"N, 111°07'58.0"W, elev. 750 m, 30 Aug 2007,

C. Hemingway 2007-01 (ASDM).
Previous knowledge. Dactyloctenium radulans is native

to tussock grasslands to open-woodland areas of New
South Wales and Queensland in Australia. In agricul-

tural areas of that region it is found as a weed in

pastures and along irrigation ditches and roads

(Queensland Environmental Protection Agency, 2003,

Regional Ecosystems of the Desert Uplands; http//www.

epa.qld.gov.au/media/nature_conservation/biodiversity/

desert_uplands/Factsheets/l 00901.htm). Three U.S. col-

lections from 1957 to 1960 were from Jamestown,
Berkeley Co., South Carolina {H.E. Ahles 30800,

35612, 53777, MASS). These were all from the waste

ground surrounding the Santee Wool Combing Mill on
SC Rte #45 (K.B. Searcy, MASS, personal communi-
cation). This fits a likely introduction scenario, in that

the seed could easily have been transported in wool
imported from Australia (J.R. Reeder, personal com-

munication). The USDA website (http://plants.usda.

gov/java/profile?symbol=DARA2) mentions its occur-

rence (authors unable to confirm) in Massachusetts and
Florida. The only previous Arizona specimens were
from cultivated greenhouse stock at the Plant Materials

Center (Southwest Nurseries, Soil Conservation Ser-

vice, U.S. Department of Agriculture) formerly on the

University of Arizona campus, Tucson {A.R. Purchase

A-751, 11 July 1939, and J. Burrell s.n., 12 Sept 1959,

ARIZ). The Burrell collection label reads "Introduced

in 1933, as plant introduction no. 106469, from
Australia, now established at Plant Material Center,

Tucson." The current manager of the Arizona Plant

Materials Center, USDA - NRCS in Tucson (now
located near Campbell Road and the Rillito Wash)
finds no archival mention of the species ever being at

the PMC, although early records are incomplete (R.

Garner, personal communication).

Significance. First collections of wild plants in the

western United States. The two earlier Arizona
collections were from cultivated plants in a nursery

(no longer existing), and the species has not been seen in

Arizona for over 40 yr. An extensive search of similar

habitat 20 km upstream from the 2006 collection sites

on the Santa Cruz River, and two major tributaries, the

Rillito Wash and the Canada del Oro as well as likely

habitat for 85 km downstream, yielded no additional D.

radulans. Channelized washes draining the southern

Tucson Mountains through the Continental Ranch area

were checked thoroughly. The survey led us to believe

D. radulans was contained within the Continental

Ranch neighborhood and adjacent Santa Cruz flood-

plain, an area of ca. 790 ha, bounded on the west by
Silverbell Rd. (Hanson 2006-01), the south by Cortaro

Rd. (Wiens 2006-183), an un-named, side drainage to

the north (Hanson and 2006-02), and the east by the

Santa Cruz River (Wiens 2006-160). There D. radulans

seems to prefer shallow washes where seasonal flood-

waters move slowly and don't scour the substrate.

Due to the many sites within the neighborhood, D.

radulans must have been present locally for at least one
season previous to summer 2006, although not observed

until this year. It appears not to be particularly

competitive with other plant species, especially peren-

nial grasses, but its seed are likely spread by mechanical

disking that is used for weed control in the neighbor-

hood drainages. The Hemingway (2007-01) collection

came from the Brawley Wash watershed (running

parallel to the Santa Cruz River Watershed), approx-

imately 45 km SSE of the 2006 Wiens and Hanson
collections. Due to the discovery of this plant on a

disturbed construction site so far from the larger

population, we feel it may have been introduced to this

area via dirty grading equipment. We see no reason that

it could not spread to favorable river floodplain habitat,

agricultural fields, and construction sites in both

watersheds.

—John F. Wiens, Department of Botany, Arizona-

Sonora Desert Museum, 2021 N. Kinney Road,
Tucson, AZ 85743; Marilyn F. Hanson, 7105 W.
Deserama Drive, Tucson, AZ 85743; and Carroll
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Hemingway, 6207 S. Eagle Cove Drive, Tucson, AZ
85757.

California

Calocedrus DECURRENS {TovTQy) Florin (CUPRES-
SACEAE).—San Diego Co., Bucksnort Mountain, two

seedlings that established after a wildfire in 2003 were

located on a concave west-facing slope of 13°, at the

uppermost extent of an unnamed drainage, at an

elevation of 1820 m, about 350 m S of Combs Peak on

the Bucksnort Mountain USGS 7.5 min topographic

quadrangle, NW 1/4 NE 1/4, Sec. 18, T 9 S, R 4 E, San

Bernardino Base Meridian, 33°23'29"N 1 16°36' 18"W,

23 March 2007, Goforth & Minnich s.n. (UCR).

Previous knowledge. Extensive field mapping across

the southern California Peninsular range in the Vegeta-

tion Type Map (VTM) survey (Griffin and Critchfield

1976, Research Paper PSW-82, U.S. Forest Service) and
subsequent searches using aerial photography (Minnich

and Everett 2001, Madrono 49:177-197) recorded C
decurrens on the San Jacinto Mountains, Palomar

Mountain, Hot Springs Mountain, Volcan Mountain,

and the Cuyamaca-Laguna Mountains. C. decurrens

was not known to occur on Bucksnort Mountain
(Beauchamp 1986, A flora of San Diego County,

California, Sweetwater River Press).

Significance. This is the first collection of C. decurrens

from Bucksnort Mountain, documenting long-distance

seed dispersal and successful establishment at a site

burned in July 2003 (3 growing seasons prior to the

collection). The nearest stands occur on the summits of

Hot Springs Mountain (10 km S), Palomar Mountain
(25 km W) and Santa Rosa Mountain (30 km NE;
Minnich and Everett 2001, loc. cit.). Intervening basins

and mountains separating these widely disjunct stands

are covered by chaparral, southern oak woodland,

nonnative annual grassland, and creosote brush scrub.

The seedlings of C. decurrens were discovered 9 m
apart while surveying stands of fire-killed Pinus coulteri

D. Don at Bucksnort Mountain. They were 24.0 cm
and 25.5 cm in height, with basal diameters of 4.0 mm
and 5.0 mm. Subsequent ground searches across

Bucksnort Mountain failed to detect additional seed-

lings, or a parent tree.

Bucksnort Mountain (1880 m) is the highest coastal

range mountain in southern California lacking mixed
conifer forest, and is arid (average annual precipitation

—40 cm) due to its rain-shadowed position NE of

Palomar Mountain. Summit locations only support

stands of P. coulteri, while Hot Springs Mountain
located south of the Palomar Mountain rainshadow has

mixed conifer forest at the same elevation (Minnich and
Everett 2001, loc. cit.). Soils are derived from colluvium
of weakly-metamorphosed granitic rock, with an A
horizon having sandy-loam texture. Associated species

include abundant seedlings of P. coulteri (350 ha ') in a

fire-killed stand with 310 trees ha as well as Arcto-

staphylos glandulosa Eastw., Ceanothus leucodermis E.

Greene, Quercus chrysolepis Liebm, Rhamnus californica

ssp. tomentella (Benth.) C.B. Wolf, Solidago californica

Nutt., and Turricula parry i (A. Gray) J.F. Macbr.
Colonization of Bucksnort Mountain by C. decurrens

was facilitated by wildfire and subsequent near-record
rainfall. The 2003 burn cleared dense shrub cover which
diminished evapotranspiration and exposed bare min-

eral soil for germination. The 2004—2005 winter season

was one of the wettest on record (—250% of normal
rainfall).

We believe on the basis of chance that a cone was
dispersed to the site rather than individual seeds. C
decurrens usually has 4 fertile seeds per cone, and the

lightweight cones are small (<2.5 cm in length; Hick-

man 1993, The Jepson Manual: Higher Plants of
California, University of California Press, Berkeley,

CA). We speculate that seed was dispersed to the site

after the fire by a bird that could carry a seed cone, such

as a Scrub Jay, Nuttall's Woodpecker, or Raven. It is

doubtful that strong winds could carry winged seed to

Bucksnort Mountain from the nearest stand. It is also

unlikely that the seedlings were planted because the site

is far from the nearest road or trail.

A species distribution may expand if seed dispersal

results in successful establishment of new outlying

populations (Sauer 1988, Plant Migration: The Dynam-
ics of Geographic Patterning in Seed Plant Species,

University of California Press, Berkeley, CA). However,
events of long-distance plant migration as this collec-

tion documents are rarely witnessed. The seedlings have

survived a most hazardous phase of their ontogeny, i.e.,

establishment, and it is possible they will grow to

reproductive maturity. Since many P. coulteri trees at

Combs Peak exhibit basal fire scars, indicating survival

of past wildfire, mature C. decurrens trees could also

endure such burn events at the site, and perhaps

reproduce subsequent generations. On the other hand,

colonization may fail if the seedlings die due to the site's

aridity or a future stand-replacement fire; in which case,

their establishment would illustrate how plant distribu-

tions are maintained in equilibrium between an inherent

tendency to disperse and constraining environmental

conditions.

—Brett R. Goforth and Richard A. Minnich,
Department of Earth Sciences, University of California,

Riverside, CA 92521.

California

Carex longii Mack. (CYPERACEAE).—Shasta
Co., along the north side of Rt. 299, about 100 ft W. of

the intersection with Jim Harvey Road and about

3.8 mi E. of the Interstate-5 overpass. Elev. 650 ft.

40"37'35.5"N, 122°17'36.1"W. UTM 10 559765E,

449754IN (NAD83/WGS84). Uncommon herbs to

2 ft tall, growing in mud along a small seasonal creek

and moist swale in an open woodland on loamy soil

(Redding gravelly loam, 0 to 3% slopes; fine, mixed,

active, thermic Abruptic Durixeralfs), with Aira car-

yophyllea, Anthoxanthum aristatum, Avena barbata,

Briza maxima, B. minor, Bromus secalinus, Cyperus

eragrostis, Dichelostemma sp., Eleocharis macrostachya,

Eryngium articulatum, Glyceria occidentalis, Juncus

tenuis, Lolium multiflorum, Mimulus guttatus, Odontos-

tomum hartwegii, Pinus sabiniana, Quercus douglasii, Q.

wisilzenii, Rumex crispus, Taeniatherum caput-medusae

& Trifolium hirtum. 16 May 2005, D. Goldman 3316

(BH, GH, MICH, OSC, UC).
The site was revisited during the dry season in late

July 2005 and the following species were also found:

Hypericum perforatum, Lactuca serriola, Lotus purshia-

nus, Mentha pulegium, and Paspalum dilatatum.
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This site was a visually attractive but an otherwise

unremarkable habitat. Several common vascular plant

species were collected at this site, but this Carex proved

the most difficult to identify. The specimen was then

sent for expert identification and it was determined to

be Carex longii.

Previous knowledge. Carex longii is a widespread

wetland and wetland-margin species native to eastern

North America (Ontario and Nova Scotia south to

Texas and Florida; J. Mastrogiuseppe et al., 2002,

Carex Linneaus sect. Ovales Kunth, pp. 332-378 in

Flora of North America Editorial Committee (ed.).

Flora of North America, north of Mexico, vol. 23,

Cyperaceae, Oxford University Press, Oxford, U.K.),

central Mexico through Central America (A.A. Rezni-

cek, 1993, Carex L., pp. 243-267 in R. McVaugh &
W.R. Anderson (eds.), Flora Novo-Galiciana, vol. 13,

Limnocharitaceae to Typhaceae, University of Michi-

gan Herbarium, Ann Arbor, MI; A.O. Chater, 1994,

Carex L., pp. 464^73 in G. Davidse, M. Sousa & A.O.
Chater (eds.). Flora Mesoamericana, vol. 6, Alismata-

ceae a Cyperaceae, Universidad Nacional Autonoma de

Mexico, Mexico, D.F., Mexico), Hispaniola & Ber-

muda (Mastrogiuseppe et al., ibid.), to south-central

South America (G.A. Wheeler, 1987, A new species of

Carex (Cyperaceae) from western South America and a

new combination in the genus, Aliso 11: 533-537),

plants in the latter region representing var. meridionalis.

A good morphological summary of the species is

provided by P.E. Rothrock (1991, The identity of

Carex albolutescens, C. festucacea and C longii

(Cyperaceae), Rhodora 93: 51-66).

This species has also been reported as introduced in

cultivated cranberry bogs in western Oregon and
Washington (P.F. Zika, 2000, Noteworthy collections,

Oregon & Washington, Madrono 47:213-216), and
moist to wet areas in Hawaii (M.T. Strong & W.L.
Wagner, 1997, New and noteworthy Cyperaceae from
the Hawaiian Islands, Bishop Museum Occasional

Papers 48:37-50) and New Zealand (A.J. Healy & E.

Edgar, 1980, Flora of New Zealand, vol. 3, adventive

cyperaceous, petalous and spathaceous monocotyle-

dons. Government Printer, Wellington, New Zealand).

The rather common habitat of this species in California,

a roadside swale that is seasonally wet and alternatively

very dry and hot, could suggest that it may be more
widespread in the western United States. It has been

regarded by some authors as somewhat weedy or

favoring disturbed habitats (R.K. Godfrey & J.W.

Wooten, 1979, [as C. albolutescens misapplied] Aquatic
& wetland plants of southeastern United States,

University of Georgia Press, Athens, GA; J. Gomez-
Laurito, 2003, Cyperaceae, pp. 458-551 in B.E. Ham-
mel, M.H. Grayum, C. Herrera & N. Zamora (eds.),

Manual de plantas de Costa Rica, vol. 2, gimnospermas

y monocotiledoneas (Agavaceae - Musaceae), Missouri

Botanical Garden Press, St. Louis, MO; A.A. Reznicek,

ibid.; P.F. Zika, ibid.). Because it is something of a

generalist in its habitat preferences, it is not surprising

that it has become established well outside of its native

range and therefore it seems have the potential to

become widely naturalized elsewhere. Although Zika

(2000, ibid.) suggests that it may have been introduced

to Oregon and Washington via the transport of Vacci-

nium macrocarpon between agricultural areas, how it

was introduced to other regions remains unknown.
Significance. First record for California.

—Douglas Goldman, Harvard University Herbar-
ia, 22 Divinity Avenue, Cambridge, MA 02138.

dgoldman(^fas.harvard.edu.
|
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California

Rytidosperma caespitosum (Gaudich.) Conner &
Edgar (POACEAE).—San Diego County, City of San
Diego: Lusardi Creek MSCP parcel, ridges south of
Lusardi Creek, 0.6 km NNE Low South Survey
Marker (33°00'26"N, 117°05'58"W; T13S, R3W,
SW/4 SW/4 sect. 26), alt. 93 m; locally common on
rocky ridge on cobbly clay in openings of chamise
chaparral. F.M. Roberts 5434, 18 Apr 2001 (RSA); '

City of San Diego: near Fairbanks Ranch, ridge south

of Lusardi Creek, ca. 0.2 km north San Dieguito Rd.
and 1.3 km NE Fairbanks Lake. 33°00'20"N,

117°09'59"W (T13S, R3W NW/4 Sec 35) UTM ZllS;
04 84 468 mE, 36 51 734 mN, NAD 27, ah. 83 m;
locally abundant on southeast-facing slope on clay soil

in mixed grassland bordering coastal sage scrub at edge

of fresh grading. F. M. Roberts 6136, 29 Mar 2005
(RSA, SD); City of San Diego: near Fairbanks Ranch,
ridge south of Lusardi Creek, just north of San
Dieguito Rd. and 1.7 km NE Fairbanks Lake
(33°00'19"N, 117°09'53"W), ah. 124 m; fairly frequent

on hilltop along dirt road on clay soil in non-native

annual grassland. F. M. Roberts 6137, 29 Mar 2005
(SD).

Previous knowledge. Rytidosperma caespitosum is

native to southern Australia. Darbyshire and Connor
(2003, Flora of North America 25: 310) stated that the

species has been grown experimentally in the United
'

States and Canada but is not known to have escaped or

persisted. However, specimens deposited at UC (Clifton

s. n., 4 Aug 1992; Ertter 17815a, 16 Feb 2002; Ertter

18231a, 26 Jun 2003) suggest the species is possibly

naturalized in Alameda and San Mateo counties,

California.

Significance. First wild collection of this non-native

perennial grass for southern California. When first

located on the ridge above Lusardi Creek, the grass was
known from only a few clumping individuals growing

along roads and open areas on a cobbly ridge in

chamise chaparral. It was also observed in small

numbers on the opposite (north) ridge in disturbed

areas bordering coastal sage scrub. The grass was noted

during a 2001 base-line rare plant survey of the newly '

established Lusardi Creek parcel within San Diego

County's Multiple Species Conservation Plan (MSCP)
area. By 2005 the plant had spread significantly to the

southeast and in some places formed dense stands

mixing with Stipa pulchra, Avena barbata, and Vulpia

myuros. The origin of this grass is uncertain but based

on the spreading observed and the difference in

distribution in 2001 and 2005, Rytidosperma caespito-

sum probably reached this area during the 1990's. It can

be expected to be found in adjacent areas of San Diego
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County. This grass could prove invasive and contribute

to the decline of native grassland systems within the

MSCP preserve system.

—Fred M. Roberts, P.O. Box 517, San Luis Rey,

California, 92068; and J. Travis Columbus, Rancho
Santa Ana Botanic Garden, 1500 North College

Avenue, Claremont, CA 9171 1-3157.

Montana

Ranunculus jovis A. Nels. [R. digitatus Hook.]

(RANUCULACEAE), Carbon County, Montana; East

Pryor Mountain along USES Road 2849 as on Big Ice

Cave, Mt. USGS Quad. 45°10'N, 108°25'W. In places

abundant.

Collections made by the authors on 19 May 2005

with the plant in flower and on 03 June 2005 with the

plant in fruit. Voucher specimens held at MONT,
Montana State University, Bozeman, MT and at Rocky
Mountain College, Billings, MT.

Prior to our discovery. Ranunculus jovis was not

known to be in the Pryor Mountains. The Montana
Natural Heritage program lists R. jovis as S1/G4.

Exploring East Pryor Mountain in 2006 we found

eleven sites separated into two populations 2.5 km apart.

The total estimated for the two populations is 221,700

plants.

Previous knowledge. Ranunculus jovis is found in

mountains of Idaho, Utah and Wyoming. Heretofore

collections had been made in Montana locations

immediately north and west of Yellowstone National

Park. There are no known reports of R. jovis along the

rims of the Bighorn Basin ofwhich the Pryor Mountains
are the northern terminus.

Significance and comment. This finding of R. jovis in

the Pryor Mountains is a significant 130 km extension

northeast of the plant's known range, over the Beartooth
- Absaroka mountain ranges from the nearest previ-

ously known population in the northeast corner of

Yellowstone National Park.

Within the Pryors, R. jovis is an ephemeral plant that

emerges with Claytonia lanceolata from melting snow-
bank communities in early spring. The snowbanks are

sufficiently deep to support subnivean activity of pocket
gophers (Thomomys talpoides). This association was
consistent at every site we found. This association has
not been noted in collections done elsewhere; however,
whenever the site has been described it is often noted as

being at the foot of a melting snowbank.
As with other spring ephemeral/deep snowbank

plants, R. jovis has evolved storage roots. Ranunculus
species have relatively long-tapered roots occasionally

described as somewhat fieshy. In R. jovis those roots are

decidedly fieshy, and are best described as clavate,

resembling a club or better, a baseball bat.

R. jovis occurs in various soil types and plant

communities. Within the Pryors the collection sites

varied from Artemisia tridentatalgrasslands with loamy
clay soil among limestone cobbles at 2134 m elevation

to openings within the Pseudotsuga menziesii forest at

2438 m with soil richly organic and overlain by mucky
duff.

Our two populations of R. jovis in the Pryors had
not before been noticed by botanists because, in the

past, weather and road conditions prohibited explora-

tion of these mountains in early spring. Warm climate/

drought conditions have occurred during the last seven

years and with the diminished snow pack we can
reach the populations as the plants emerge from the

snowbanks.

We are now conducting studies in the field on
pollination, root development, and the relationship of

R. jovis to Ranunculus glaherrimus, an often sympatric

species that has similar above-ground morphology but

very different roots.

—Jennifer Lyman, Ph.D., Rocky Mountain Col-

lege, Dept of Botany and Environmental Sciences,

1511 Poly Drive Billings, Mt 59102; and Clayton
McCracken, M.D., 3227 Country Club Circle,

Billings, MT 59102.

Peru

Gentianella calanchoides (Gilg) Fabris (Gen-
tianaceae).—Huancavelica: Tayacaja Province, 40 km
from Colcabamba, 4070 m, 31 Jul 1978, Aronson &
Berry 567 (HAM, MO).

Previous knowledge. Known from Deptos. Huanuco
and Junin. Previous knowledge of the distribution of the

species reported here is based on my studies for L. Brako
and J.L. Zarucchi, Catalogue of the Flowering Plants

and Gymnosperms of Peru, Monographs in Systematic

Botany, Missouri Botanical Garden 45, 1993, and
P.M. Jorgensen and S. Leon-Yanez, Catalogue of the

Vascular Plants of Ecuador, Monographs in Systematic

Botany, Missouri Botanical Garden 75, 1999.

Significance. Extends the known range to Depto.

Huancavelica.

Gentianella ericothamna (Gilg) Zarucchi (Gen-
tianaceae).—Pasco: Prov. Oxapampa, Distr. Huanca-
bamba, P.N., Yanachaga-Chemillen, Sector Santa

Barbara, bosque montano con abundante chusquea,

10°20'06"S, 75"38'42"W, 3340 m, 11 Mar 2004, Vdsquez

& Monteagudo 29981 and 29983 (both HAM, MO).
Previous knowledge. Known only from the type from

Depto. Huanuco, Prov. Huamalies, Berge siidwestlich

von Monzon, 3300-3500 m, collected prior to 1906.

Significance. Indicates that the species is extant and is

distinct from G. radicata (Griseb.) J.S.Pringle, which
also occurs in Depto. Pasco. Extends the known range

to Depto. Pasco.

Gentianella gilioides (Gilg) Fabris (Gentiana-

ceae).—Cajamarca: Prov. San Ignacio, San Jose de

Lourdes, cerro Picorana, bosque enano, 4 58'17"S,

78°53'00"W, 2830 m, 17 Aug 1998, Campos et al. 5547
(HAM, MO).

Previous knowledge. Known only from Provs. Loja

and Zamora-Chinchipe, Ecuador.

Significance. This specimen, from near the Ecuador-

ean border, is the first record of the species from Peru.

Gentianella herrerae (Gilg) Zarucchi (Gen-
tianaceae).—Ayacucho: Prov. Huanta: road from
Quinua to Tambo, S12°59'W074°05', 4300 m, 19 Feb
2000, Weigend& IVeigend 20001373 (NY).

Previous knowledge. Known only from the type from
Depto. Cusco, Andes del Paucartambo, 3900 m, col-

lected in 1924.

Significance. Confirms that G. herrerae is a distinctive

species, encourages the hope that it remains extant, and
extends its known range to Depto. Ayacucho.
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Comment. The corolla of G. herrerae was originally

described as "apparendy violet with a yellow base"

(translation). In this collection the corollas, as seen in

this study and as described by the collectors (in sched.),

are bright yellow. Forms differing in having, respec-

tively, violet and yellow corollas occur in other South
American species of Gentianella.

Gentianella polyantha J.S.Pringle (Gentiana-

ceae).—Cajamarca: Prov. Jaen, Sallique, localidad El

Paramo, 05°40'50"S, 079°16'20"W, 3200 m, 23 Jun
1998, Campos et al. 5079 (HAM, MO).

Previous knowledge. Known only from Prov. Loja,

Ecuador.

Significance. First record for Peru.

—James S. Pringle, Royal Botanical Gardens,
P.O. Box 399, Hamihon, Ontario, Canada L8N
3H8.
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Abstract

We present Part II of a catalogue documenting nonnative vascular plant taxa occurring

spontaneously in California beyond those addressed in The Jepson Manual: Higher Plants of
California (Hickman 1993). Here we document an additional 117 taxa occurring spontaneously in

California that were not accounted for in Part I (Hrusa et al. 2002) or in The Jepson Manual. The
catalogue was compiled from new collections by the authors and others, previously existing herbarium
specimens, peer-reviewed publications, other printed reports, and direct communications with field

botanists. Only reports backed by herbarium vouchers are accepted as adequately documented. Of the

117 taxa, 42 are fully or sparingly naturalized in relatively undisturbed wildland habitats, 14 are

naturalized in non-wildlands (roadsides, fallow fields, croplands, other disturbed areas), 13 are

tenuously established or locally persisting, 22 are weeds of greenhouse or other horticultural

environments, 7 are presumed to be non-persisting casuals (waifs), and for 19 there is no current

information. Taxa recorded as already being widely naturalized and/or potentially significant pests

include Brachypodium sylvaticum, Cuscuta Japoniea, Danthonia decumhens, Glyceria declinata, Juncus

usitatus, Melaleuca viminalis, Rytidosperma penicillatum. Verbena incompta and Zostera japonica.

Key Words: California, invasive plants, nonnative, pest plants, voucher specimens, weeds.

By reducing the productivity of farm, pasture,

and rangelands; choking waterways; altering fire

regimes; and outcompeting or hybridizing with
native plants or both; invasive nonnative plants

have profoundly altered natural ecosystems and
significantly impacted agriculture and commerce
(Antfila et al. 1998; Brooks et al. 2004; Dudley
1998; Enserink 1999; Ayres and Strong 2003;
Pimental et al. 2005; Vitousek et al. 1997). A recent

estimate (Pimental et al. 2005) puts the economic
cost of invasive plants in the United States at

$35 billion per year (and that estimate does not
take into account the cost of fighting invasive

plants in most rangelands and natural areas).

In California, nonnative plant invasions began
over two centuries ago with the arrival of the
Spanish in the 18''' century. Indeed, with few

exceptions, the best definition of "California

native plant" is "a plant that is assumed to have
been present prior to 1769, the date of the first

Spanish mission" (Ornduff 1991; Randall et al.

1998). If a species was introduced to the state by
human activities after that date, either intention-

ally or unintentionally, it can be considered

nonnative.

The introduction of nonnative plants in

California has had dramatic consequences. Dur-
ing the latter half of this past century, we have
seen changes in the floristic composition of nearly

every low to mid-elevation California plant

community due to invasive species (see the broad
range of articles in Pirosko 2004). The floristic

changes that occurred in California grasslands

soon after the arrival of the Spanish are well
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documented and are ongoing (Holstein 2001;

Stromberg et al. 2001; Corbin et al. 2004). More
recently, California's northern desert regions are

undergoing floristic and physiognomic modifica-

tions due to the increasing dominance of Bromus
tectorum, and in sandy parts of the low deserts

Brassica tournefortii is a severe problem (D'An-
tonio and Vitousek 1992; Kemp and Brooks
1998; E. A. Dean personal observation; A. C.

Sanders personal communication). During the

past decade, botanists have observed that inva-

sive species such as Lepidium latifolium (perennial

pepperweed) and Glyceria declinata (Eurasian

waxy mannagrass) are now found in the deeper

reaches of vernal pools in the Central Valley

(McCarten 2005; Barkworth and Anderton 2007;

Whipple et al. 2007). This means that even very

specialized California plant communities are now
threatened by invasive plants.

Because of these ecological and economic
impacts, the decisions of California land manag-
ers and government officials that are related to

invasive species have increasingly far-reaching

ecological and economic consequences. Decisions

regarding monitoring and control efforts are

particularly important. Early detection and con-

trol is paramount because eradication of new
nonnative plant occurrences is usually only

possible when populations are small (Bayer

1999; Wittenberg and Cock 2001; Rejmanek
and Pitcairn 2002). However, informed decisions

are difficult without up-to-date taxonomic and
distributional information.

Often the first reports of new species introduc-

tions are made by taxonomists who are sent

specimens for identification. In 2002, we pub-
lished a catalogue of 3 1 5 nonnative vascular plant

taxa that have been documented by herbaria as

occurring spontaneously in California but were
not included in The Jepson Manual: Higher
Plants of California (Hrusa et al. 2002). Since

that publication we have continued to compile

new instances of nonnative vascular plants

documented in California. We present Part II of

this catalogue in the interest of providing the

California botanical community, land managers
and government officials, with more taxonomic
and distributional information on the nonnative

plants of California. This information is especial-

ly timely, given that a revision of the Jepson

Manual: Higher Plants of California is due out in

the next few years.

Methods

Data sources were as described in Hrusa et al.

(2002), but with a smaller number of taxa derived

from older published sources and "lost" herbar-

ium specimens, although recent publications were
an important source. The primary source of new
taxa was submissions of plant samples to

Table 1. Current Status (CS) Summary. Expla-

nation and definition of individual categories provided
in the text and Hrusa et al. (2002).

Definition

Catalogue
Abbrev. Total

Naturalized in wildlands NW 42
Naturalized outside of wildlands N 14

Tenuous/locally persisting TEN 13

Casual C 7

Greenhouse, nursery, garden weed GH/C 22
No current information NCI 19

herbaria for identification; almost as important
were specialist identifications of specimens sent

]

for study by authors contributing to the Flora of \

North America project (Flora of North America
i

Editorial Committee 1993+) and the second I

edition of the Jepson Manual project (Jepson !;

Herbarium 2007). Indeed, many taxa (specimens)

not included here are awaiting determinations
,

and remain with specialists; these will be reported

later. The Consortium of California Herbaria
,

(2007) onhne searchable database of specimens

held in most major Cahfornia herbaria was an ,

important source of "lost" herbarium specimens,

duplicate specimens held in different herbaria,

and especially, additional distributions. However,
the criteria used for inclusion of taxa follows

those outlined in Hrusa et al. (2002) in which a

reported taxon had to be verified as to identity by
one of the authors, or by a specialist. Some
Consortium records represent specimens not yet

confirmed as to identity and therefore the i

specimen details for these are not included in

Appendix 2. However, if additional records from
the Consortium added County or physio-geo-

graphic regions to the species distribution, or if

additional collections exist for a documented
region, these are indicated in the NOTES
following each taxon report. The Consortium
should be consulted by anyone interested in

additional records for any given taxon on this

list, or on the list in Part I (Hrusa et al. 2002).

Moreover, the database is constantly being

updated and new records not currently available

will become so in the near future. Naturalization

categories have not been modified in order to >

allow both comparison and combination of these

two datasets. They are: Naturalized in wildlands

(NW); naturalized outside of wildlands (N);

persistence tenuous (TEN); casual (waif) (C);

greenhouse/cultivation (GH/C) and no current

information (NCI). The extirpated (EXT) cate-

gory in Part I, had no members in Part II.

Results

A total of 117 non-native vascular plant taxa

(Table 1) meeting the criteria for inclusion are

listed in Appendix 1 and itemized in detail in
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Appendix 2. Both lists are organized as in Hrusa

et al. (2002) and 77?^ Jepson Manual (Hickman
1993). Introduced taxa in Part II are documented
in 47 of California's 58 counties and in every

biogeographic region in Hickman (1993).

Discussion

The taxa cataloged here, like those document-
ed in Part I (Hrusa et al. 2002), represent a

diverse assemblage of recent and not so recent

documented introductions with wide variation in

distributions, current or potential invasiveness,

and ecological and economic threat. Zea mays for

instance, despite its wide cultivation and high

potential to occur as a widespread waif, poses

virtually no economic or ecological threat be-

cause it is barely capable of reproduction in the

wild. Twenty-two taxa (15%) are entirely green-

house or garden waifs with, as yet, little

indication of persistence or spread outside of

cultivated settings (Table 1). Though many taxa

are documented from only one occurrence, other

taxa (e.g., Glyceria declmata, Rytidosperma peni-

cillatum. Verbena incompta) are widespread and
documented from numerous occurrences.

Fifty-six taxa (48%) are documented here as

fully naturalized, with 42 (36%) naturalized in

wildlands. The taxa included here as "naturalized

in wildlands" occur in a wide variety of habitat

types. Terrestrial habitats with these plants

include: mixed chaparral-oak woodland {Grevil-

lea robusta), redwood forest {Brachypodium
sylvaticum), and pine forest {Coronilla varia,

Gnaphalium coarctatum). Wetland habitat exam-
ples include: tidal mud flats {Zostera Japonica),

tidal salt marshes {Juncus gerardii), coastal peat-

lands {Danthonia decumbens), rivers and ponds
{Pontederia cordata), riparian scrub (Melaleuca
viminalis), and various freshwater wetlands in-

cluding vernal pools (Glyceria declinata). These
already naturalized taxa pose the greatest eco-

logical and economic threats, though the poten-
tial for the eventual spread of casual or horticul-

tural weeds cannot be underestimated. In some
cases, introduced plant species appear to be
harmless ornamentals or remain as localized

introductions for years, and then, for various

reasons, such as the introduction of a pollinator

(or for entirely inexplicable reasons) they become
aggressive invaders (Schierenbeck et al. 1998;

Enserink 1999; Rejmanek 2000). We have no
current information on the persistence or spread
of 19 (16%) of the taxa documented here.

Habitat Invasions

We highlight the ecological importance of the
taxa documented here by elaborating on the
threat posed by three taxa in three different

wetland habitats.

Glyceria declinata is a Eurasian grass that

commonly occurs in the Central Valley and
North Coast region and is known to invade

vernal pools, one of California's most threatened

habitats (Hrusa and Leppig (personal observa-

tion and vouchers at CDA, HSC); Barkworth
and Anderton 2007). California's vernal pools are

habitat to one of California's largest assemblage
of state and federally listed taxa (California

Native Plant Society 2007; California Natural
Diversity Database 2007); through competition

and habitat alteration, G. declinata could pose a

direct threat to these species. This species already

has a wide distribution in 15 counties and has

been established in California for decades. It was
included in Munz and Keck (1968) but omitted

from Hickman (1993); as a result, specimens of

this species collected since 1993 were usually

identified as the native Glyceria occidentalis

(Piper) J.C. Nelson. This has been a source of

confusion for vernal pool investigators and has

prevented Cahfornia botanists from understand-

ing the degree to which this species has invaded

vernal pool habitat. This case highlights the

importance of correct species determination and
the inclusion of nonnatives in regional floras.

Danthonia decumbens, another Eurasian grass,

also poses a significant ecological threat. Popu-
lations of this species are documented at the

Crescent City Marsh, Del Norte County, and Big

Lagoon Bog, Humboldt County. Both sites are

unusual coastal peatlands and rare plant hot-

spots, each with at least five Cahfornia Native

Plant Society-listed plant populations (California

Natural Diversity Database 2007; Leppig 2004).

Crescent City Marsh also has the largest Cali-

fornia population of the State and-federal endan-
gered western lily (LiHum accidentale) (U.S. Fish

and Wildlife Service 1998). Danthonia decumbens
is now regularly found in coastal grasslands in

Del Norte and Humboldt counties (Leppig,

personal observation) and it likely occurs in, or

will soon spread to other regions of the state.

Zostera japonica, a rhizomatous, mat-forming
seagrass, was likely introduced to the Pacific

Northwest from Japan through the oyster indus-

try (Harrison 1976; Harrison and Bigley 1982)

and occurs in Oregon, Washington, and southern

British Columbia estuaries. This species colonizes

subtidal estuarine sediments and generally occurs

at a higher tidal elevation than the native Z.

marina. One small population of Z. japonica was
discovered in 2002, in Humboldt Bay, Califor-

nia's second largest estuary. Despite ongoing
eradication efforts since then (Schlosser et al.

2005), another population, located approximately

eight kilometers from the first occurrence, was
detected in 2006. Thus the ability to successfully

eradicate this species remains uncertain. Zostera

colonies slow water-currents and entrap fine

particles while their rhizome-root system binds
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and stabilizes substrates (Phillips 1984). Over
time, they affect the mean grain size, sorting,

skewness, shape of sediment particles, and
parameters that influence the redox potential

and nutrient cycling processes of the substrate in

which they occur (Phillips 1984). Consequently, if

this species were to become dominant in large

areas of its potential habitat, it could affect not

only Humboldt Bay's important fisheries and
wildHfe values (Barnhart et al. 1992), but also its

physical processes, including large-scale sediment

distribution patterns, channel morphology, and
the Bay's overall bathymetry and shoreline

erosion patterns. Zostera asiatica poses a similar

risk where it becomes established.

Hybridization Threat

The introduced taxa documented here also

highlight the concern over invasive genotypes

mixing with native taxa. While hybridization is,

of course, an important phenomenon in the

evolutionary biology of plants, a diversity of

introduced taxa together with widespread habitat

alterations, increases the potential for at least two
genetic impacts within native floras: 1) extinction

through genetic assimilation and outbreeding,

and 2) an increase in invasiveness and expansion

of the ecological amplitude of formerly non-

invasive or narrowly distributed taxa (Cox 2004).

The Wolf s evening primrose {Oenothera wol-

fii), for example, is hsted as threatened by the

state of Oregon, and both the California Native

Plant Society and the Oregon Natural Heritage

Program list this species as endangered through-

out its range (Imper 1997). An endemic to

CaHfornia's Northcoast and coastal Oregon, it

is threatened by habitat loss as well as by
extinction through hybridization with the escaped

garden plant Oenothera glazioviana (DeWoody et

al. in press). Even regionally common native

taxa, such as Spartina foliosa and Lupinus

littoraUs face local extinction due to hybridization

with introduced taxa (Anttila et al. 1998; Ayres

and Strong 2003; Wear 2004). It is worth noting

that 32 of the genera (43 of the species) listed in

our Appendix 2 are congeners of native Califor-

nia species.

Horticultural Escapes

Worldwide, escaped horticultural plants are

the principal cause of invasive plant introductions

(Rozefelds et al. 1999; Mack and Lonsdale 2001;

Reichard and White 2001; Mack and Erneberg

2002). While the vast majority of horticultural

taxa serve their desired purpose without escaping

or becoming a naturalized nuisance, many clearly

do not (Bell et al. 2007). In most cases, the mode
of introduction of the species listed here cannot

be definitively determined and with some species.

more than one pathway may have led to their

introduction. That notwithstanding, 49 of the

species documented here are either available in

the horticultural trade, documented as spreading

away from homesites where they were intention-

ally cultivated, or known to be cultivated by
Californians for food or medicine. An additional

eight species were first documented in California

as contaminants in nurseries. Clear horticultural

escapes that are now naturalized in wildlands

include Cordyline austraUs, Cupaniopsis anacar-

dioides, Grevillea robusta, Rhamnus alaternus, and
Solanum mauritianum.

Conclusion

New invasive plant species continue to be

detected at a surprisingly high rate through

discovery of previously established populations

as well as fresh invasions. As discussed in Part I

(Hrusa et al. 2002), we reiterate the critical need

for documentation of unrecorded invasions. We
call on all field workers, including restoration

biologists, biological consultants, land managers,

naturalists and others, many of whom have an
intimate knowledge of a particular region of

CaHfornia, to take the simple steps necessary to

document plants that look "out of place." It is

likely that most readers of this paper have had an
introduction to the use of a plant press at some
point in their careers, and we would deeply

appreciate your applying that knowledge to

document plants that you believe to be new to

an area. Any unknown plant can be pressed and
dried and sent to one of the authors of this paper.

The most efficient action to take is to collect the

plant when you first see it. Even if the material is

not optimal, collect it, put it in a plastic bag, and
when possible, press the best sheet you can in a

fold of paper. More complete material can be

acquired later. Flattened plants can be placed

between two sturdy cardboards secured with

tape, placed in a padded envelope, and mailed

to one of us. Speed is of the essence; the sooner

material is delivered, the sooner it can be

identified and control action taken, if necessary.

Doubtless, there are many more invasive species

waiting to be detected in the CaHfornia flora -

and others will be arriving shortly. But, verbal

reports are of limited value and digital photo-

graphs are only slightly better. Pressing plant

specimens is easy, and you may even find it

motivating to know that your specimen, once

accessioned into a herbarium, will have a label

with your name on it and will last for hundreds of

years.
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Appendix 1

List of Taxa with Naturalization
(Current Status) Class

As in Part I (Hrusa et al. 2002), family circumscrip-

tions and organization follow The Jepson Manual
(Hickman 1993). Current Status subcategories in brack-

ets: NW = naturalized in wildlands, N = naturalized

(outside of wildlands), TEN = persistence tenuous, C =
casual (waif), GH/C = greenhouse/cultivation, NCI =
no current information. See Table 1 and Appendix 2.

Details and descriptions of these categories are in the

Methods section and Hrusa et al. (2002).

Ferns and Allies

Psilotaceae

Psilotum nudum (L.) P. Beauv., [GH/C].

Angiosperms: Dicots

Asteraceae

Ageratum conyzoides L., [GH/C].
Centipeda minima (L.) A. Braun & Asch., [GH/C].
Crassocephalum crepidioides (Benth.) S. Moore, [GH/C].
Crepis pulchra L., [C].

Gnaphalium antillanum Urb., [GH/C].
Gnaphalium calviceps Fern., [N].

Gnaphalium coardatum Willd., [NW].
Gnaphalium involucratum G. Forst., [NCI].

Gnaphalium pensylvanicum Willd., [N].

Gnaphalium stachydifolium Lam., [NW].
Senecio cineraria DC., [TEN].
Youngia japonica (L.) DC, [GH/C].

Balsaminaceae

Impatiens capensis Meerb., [TEN].
Impatiens glandulifera Royle, [NCI].

Brassicaceae

Berteroa incana (L.) DC, [NW].

Carrichtera annua (L.) DC, [NW].
Matthiola longipetala (Vent.) DC. ssp. bicornis (Sibth &

Sm.) P. W. Ball., [NCI].

Teesdalia nudicaulis (L.) R. Br., [TEN].

Campanulaceae

Laurentia jluviatalis (R. Br.) E. Wimm., [GH/C].

Caprifoliaceae

Viburnum rigidum Vent., [NW^.

Caryophyllaceae

Cerastium tomentosum L., [C].

Silene armeria L., [C].

Silene coeli-rosa (L.) Godron, [NCI].

Chenopodiaceae

A triplex glauca L., [N].

Atriplex vesicaria Heward in Hook, f., [NCI]

Beta macrocarpa Guss., [NW].

Crassulaceae

Crassula colligata Toelken ssp. lamprosperma Toelken,

[NW].

Cucurbitaceae

Ecballium elaterium (L.) A. Rich., [GH/C].

Cuscutaceae

Cuscuta japonica Choisy, [N].

Euphorbiaceae

Euphorbia pulcherrimia Willd. ex Klotzsch, [NCI].

Phyllanthus caroliniensis Walt., [GH/C].

Fabaceae

Coronilla varia L., [NW^.
Crotalaria capensis Jacq., [GH/C].

Cytisus battandieri Maire, [NCI].

Dorycnium hirsutum L., [NCI].

Lathyrus nissolia L., [NCI].

Medicago muricata AH., [NW].
Medicago scutellata (L.) P. Mill., [NW].
Sophora secundiflora Lag., [NCI].

Hamamelidaceae

Hamamelis sp., [NW].

Juglandaceae

Carya illinoiensis K. Koch, [NW].

Lamiaceae

Leonurus sibiricus L., [GH/C].

Malvaceae

Urena sinuata L., [GH/C].

Melianthaceae

Melianthus major L., [NW].

Moraceae

Ficus rubiginosa Desf. ex Vent., [TEN].

Myrtaceae

Eucalyptus pulchella Desf., [NW].
Melaleuca citrina (Curtis) Dum.Cours., [NW].
Melaleuca viminalis (Sol. ex Gaertn.) Byrnes, [NW].
Metrosideros kermadecensis W.R.B. Oliv., [C].
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Myrtus communis L., [NW].
Syzygium australe (Wendl. ex Link ) B.Hyland, [NW].

Nyctaginaceae

Boerhavia diffusa L., [NCI].

Nymphaeaceae

Nelumbo lutea Willd., [N].

Oxalidaceae

Oxalis carnosa Molina, [GH/C].

Oxalis corymbosa DC, [GH/C].

Passifloraceae

Passijlora 'Coral Seas', [NW].

Plumbaginaceae

Limonium binervosum (G.E. Sm.) Salmon, [NW].
Limonium gougetianum Kuntze, [TEN].

Polygonaceae

Polygommi aubertii Henry, [N].

Portulacaceae

Portulacaria afra (L.) Jacq., [GH/C].

Proteaceae

Grevillea robusta Cunn., [NW].

Ranunculaceae

Ranunculus trilobus Desf., [N].

Rhamnaceae

Rhamnus alaternus L., [NW].

Rosaceae

Aphanes arvensis L., [GH/C].

Cotoneaster simonsii Baker, [NW].
Rosa sempervirens L., [TEN].

Rubiaceae

Diodia virginiana L., [N].

Sapindaceae

Cardiospermum halicacabum L., [TEN].

Cupaniopsis anacardioides (A. Rich.) Radlk., [NW].

Saxifragaceae

Francoa ramosa D. Don, [TEN].

Scrophulariaceae

Veronica hiloba L., [NW].

Solanaceae

Nierembergia frutescens Durieu., [TEN].

Nierembergia hippomanica Miers., [TEN].

Solanum cardiophyllum Lindl., [TEN].

Solanum chrysotrichum Schltdl., [NCI].

Solanum jasminoides Paxt., [NCI].

Solanum mauritianum Scop., [NW].

Verbenaceae

Verbena incompta Michael, [NW].

Violaceae

Viola conspersa Reichenb., [N].

Angiosperms: Monocots

Arecaceae [Palmae]

Washingtonia robusta H. Wendl., [NW].

Bromeliaceae

Billbergia nutans H. Wendl., [C].

Commelinaceae

Callisia repens (Jacq.) L., [GH/C].

Cyperaceae

Carex pendula W\xds.,\Nysf].

Cyperus gracilis R. Br., [NCI].

Cyperus regiomontanus Britt., [GH/C].

Cyperus retrorsus Chapm., [GH/C].

Eleocharis lanceolata Fernald, [NCI].

Iridaceae

Sisyrinchium pruinosum Bickn., [GH/C].

Juncaceae

Juncus gerardii Loisel., [NW].
Juncus usitatis L.A.S. Johnson, [NW].

Liliaceae {sensu lato)

Allium ampeloprasum L., [NCI].

Aloe striatula Haw., [NW].
Asparagus densiflorus (Kunth) Jessop, [NW].
Asparagus setaceous (Kunth) Jessop, [NCI].

Bulbine semibarbata (R. Br.) Haw., [Nj.

Cordyline australis (G. Forst.) Endl., [NW].
Hyacinthoides hispanica (Mill.) Rothm., [C].

Narcissus papyraceus Ker Gawl., [GH/C].

Muscari armeniacum Leicht. ex Baker, [NCI].

Poaceae

Brachypodium sylvaticum (Huds.) Beauv., [NW].
Danthonia decumbens (L.) DC, [NW].
Dinebra retroflexa (Vahl) Panz var. retroflexa, [NW].
Eragrostis tenella (L.) Roem. & Schultes, [GH/C].

Glyceria declinata Bresbiss., [NW].
Paspalum notatum Flugge var. saurae Parodi, [NCI].

Rytidosperma caespitosum (Gaudich.) Connor & Edgar,

[NW].
Rvtidosperma penicillatum (Labill.) Connor & Edgar,

' [NW].
Rvtidosperma racemosum (R. Br.) Connor & Edgar,

[N].
Rvtidosperma richardsonii (Cashmore) Connor & Ed-

'

gar, [N].

Sporobolus creher De Nardi, [N].

Stipa papposa Nees, [C].

Zea mays L., [C].

Pontederiaceae

Pontederia cordata L., [N].

Zingiberaceae

Hedychium flavescens N. Carey ex Roscoe, [TEN].

Zosteraceae

Zostera asiatica Miki, [NW].
Zostera japonica Ascher & Graebner, [NW].
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Appendix 2

Annotated Catalogue

As in Part I (Hrusa et al. 2002), family circumscrip-

tions and organization follow The Jepson Manual
(Hickman et al. 1993). Generic and specific applications

reflect published treatments by specialists, modified

only if clearer information was gained by utilizing an

alternative nomenclature. Abbreviations are as follows:

DISTRIBUTION (DIST) with geographic subdivisions

as used in the Jepson Manual: CURRENT STATUS
(CS); Current Status subcategories: NATURALIZED
IN WILDLANDS (NW); NATURALIZED OUT-
SIDE OF WILDLANDS (N); PERSISTENCE TEN-
UOUS (TEN); CASUAL (waif) (C); GREENHOUSE/
CULTIVATION (GH/C); NO CURRENT INFOR-
MATION (NCI); DOCUMENTATION (DOC). De-

tails and descriptions of these categories are provided in

the Methods section and Hrusa et al. (2002). Specimens

cited only from the Consortium of CaHfornia Herbaria

(Consortium 2007) have not been verified as to identity.

Ferns and Allies

Psilotaceae

Psilotum nudum (L.) P. Beauv.: DIST: SCo: CS: GH/
C: DOC: Los Angeles Co.: Los Angeles, Hollywood
area nr. the int. of Gower St. & Melrose Ave.,

Paramount Studios lot, elev. Ill m/365 ft,

34°05'01"N, 118°19'17"W. Weed in landscape bed

under a star-jasmine shrub, previously seen on lot in

potted Podocarpus plants and in shady sites on north

side of buildings, a persistent weed that has been present

for over 3 yr, Nov. 26, 2002, H. Williamson s.n. (UCR);
Riverside Co.: Riverside, E side of town at foot of Box
Springs Mtns., at 266 Frost Ct., cultivated ground in 1/

4 acre home citrus orchard, shaded W-facing slope,

fairly common perennial at base of most trees, near

irrigation emitters; present for several years as a weed.

Elev. 396 m/1300 ft, 33°58'N, 117"19'W, Jan. 9, 1999,

A. C. Sanders 22375 (UCR); Riverside, Riverside

Comm. College campus near library, weed under shrubs

in planter, 33°58'16"N, 117°22'49"W, Feb., 1999, A. C.

Sanders & M. Provance 22450 (UCR); Riverside: UCR
campus, along East Campus Dr beside greenhouses at

intersection with Eucalyptus Dr, urbanized area in city,

uncommon rhizomatous perennial in deep leaf litter

under a hedge. Elev. 335 m/1100ft 33 58'15"N,

117°19'15"W, July 12, 2000, A. C. Sanders & J. M.
DiTomaso 23587 (UCR); San Diego Co.: Growing in

ornamental planting at San Diego Zoo. 32^42' 53"N;

117°09'26"W, April 21, 2006, C. Bell PDR 1317790
(CDA); Carlsbad, Legoland, in landscape, gen. nr.

sprinklers and leaks. 33"07'24"N; 117°18'46"W, elev.

30m/100ft, Oct. 12, 2007, K. Silrum PDR 1317236
(CDA); Santa Barbara Co.: Growing in ornamental
planting at 105 E Anapamu St. Santa Barbara,
34°25'29"N, 119°42'12"W, April 4, 2006, M. Guy
PDR 1269752 (CDA): NOTES: Reported also in

Orange Co. (Consortium 2007). Apparently reproduc-
ing in orchards and flower beds. Seems always to be
found in deep leaf litter under shade of shrubs and trees,

where it is often associated with drip irrigation emitters
or other sources of moisture.

Angiosperms-Dicots

Asteraceae

Ageratum conyzoides L.: DIST: SCo: CS: GH/C:
DOC; Santa Barbara Co.: Weed in cycad at Island View
nursery, Carpenteria. April 22, 2002, S. Bryants s.n.

(CDA): NOTES: First documented report for Califor-

nia. Reported earlier by Smith and Sawyer (1986) for

northwestern California, but the report source not

specified. This latter is also the source of the BONAP
and USDA Plants record. A worldwide weed of the

moist tropics and subtropics, it has also been grown out

from unidentified contaminants in seed shipments from
Laos to California, and thus is to be expected more
widely.

Centipeda minima (L.) A. Braun & Asch.: DIST: SCo:
CS: GH/C: DOC: San Diego Co.: Weed in private

bonsai collection. Alto Dr., La Mesa. Dominating
greenhouse floor, spreading rapidly by seed. Sept. 4,

2005, G. F. Hrusa s.n. (CDA, UC, UCR): NOTES:
Seedlings sent by M. Jarcho in April, 2005, grown to

maturity in greenhouse at CDA. A common weed in

eastern Asia.

Crassocephalum cvepidioides (Benth.) S. Moore:
DIST: SnFrB: CS: GH/C: DOC: Contra Costa Co.:

Growing out of cracks in residence patio in San Pablo

at Stanton & San Pablo Ave. Many here. Jan. 18, 2006,

G. F. Hrusa 16841a (CDA); Riverside Co.: Weed in

potted plants brought from Hawaii, Cardiff Growers,

Anza Rd, Temecula. July 15, 1986. D. Domenigoni PDR
631917 (UCR, OBI); Greenhouse at UCR, grown from
plants collected in potted stock from Hawaii. Sept. 15,

1986, A. C. Sanders 6960 (UCR): NOTES: Garden and
nursery weed. Common as a weed in Florida and
Hawaii nursery stock.

Crepis pulchra L.: DIST: NCoRI: CS: C: DOC: Napa
Co.: West of the city of Napa. Along Mt. Veeder Rd,
near perennial drainage that crosses road. A few

individuals. Elev. ca. 200 m. May 28, 2007, A.

Solomeshch s.n. (DAV): NOTES: Reported also from
Napa Co. (Consortium 2007).

Gnaphalium antillanum Urb.: DIST: SnJV: CS: GH/
C: DOC: Stanislaus Co.: 2 mi SW of La Grange, yard

of Allen residence. May 25, 1969. P.S. Allen 347

(DAV). NOTES: Sometimes treated as Ganiochaeta

antillana (Urb.) Anderb. Det. by G. L. Nesom (BRIT)
(as Gamochaeta).

Gnaphalium calviceps Fern.: DIST: DMoj, SCo,
SnFrB: CS: N: DOC: Contra Costa, San Diego Cos:

Nesom (2004 pg. 1180); Fresno Co.: City of Fresno,

June, 1998, B. Fischer s.n. (DAV); San Bernardino Co.:

Rancho Cucamonga, N Day Creek Blvd. under power-

lines below mouth of Day Creek Canyon, alluvial fan

sage scrub, 34°09'57"N, 1 17 31'57"W, elev. 655 m, June

7, 2003, K. Stockwell s.n. (UCR): NOTES: Sometimes
treated as Gamochaeta calviceps (Fern.) Cabrera or

Gamochaeta fcdcata (Lam.) Cabrera; occasionally mis-

spelled as G. claviceps. Similar to the native plant gen.

identified as G. purpureum L. (which is a distinctive

form best treated as G. ustulatum Nutt., see Nesom
2004), differing by its narrower cauline leaves and more
or less glabrous capitula. Also reported from Stanislaus

Co. [Damas s.n. (DAV)], but material immature acc. to

Nesom. Dets. by G. L. Nesom (BRIT) (as Gamochaeta).

Gnaphalium coarctatum WiUd.: DIST: NCo, n SNF,
ScV, SnJV: CS: NW: DOC: Placer Co.: Dutch Flat

Area, Alta Exit N of Hwy 80. Drum Powerhouse Rd,
+/- 1.5 rd mi NE of intersection with Main St. Moist
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road banks in Ponderosa pine forest. May 17, 2003. E.

Dean 1758 (DAV); Humboldt, Sacramento, Stanislaus

Cos.: Nesom (2004, pg. 1181): NOTES: Sometimes
treated as Gamochcieta coarctata (Willd.) Kerguelen.

Dets. by G. Nesom (BRIT), 2005 (as Gamochaeta).

Gnaphalium involucratum G. Forst.: DIST: NCo: CS:
NCI: DOC: Humboldt Co.: 1948 collection cited in

Nesom (2002, pg. 518): NOTES: Sometimes treated in

the segregate genus Euchiton as E. involucratus (G.

Forst.) Holub, 1974. The name E. involucratus (G.

Forst.) Anderb. (1991, Opera Botanica 104) is super-

fluous.

Gnaphalium pensylvanicum Willd.: DIST: DSon, SCo,
SnJV: CS: N: DOC: Fresno Co.: Fresno?, June 1998, B.

Fischer s.n. (DAV); Los Angeles Co.: Occasional annual

in dry, bare areas. Glendale, at E end of Glenoaks Ave.,

nr. Scholl Canyon Park. Kiev. 1000 ft April 21, 1978, D.

Koutnik 405 (DAV); Riverside Co.: Cathedral City,

Cathedral Plaza, Hwy 111 at date Palm Dr.,

33°46'42"N, 116°27'27"W, elev. 300 ft, March 17,

1996, A. C. Sanders 17996 (UCR); Riverside, UCR,
field crop area south of Pennsylvania Ave., 33°57'53"N,

117°20'19"W, elev. 980 ft, Feb. 11, 1971, O. F. Clarke

s.n. (UCR); San Bernardino Co.: Highland, 34°08'09"N,

117°11'42"W, elev. 1500 ft, May 16, 1950, J. C. Roos
4814 (UCR); San Diego Co.: San Diego, Balboa park,

near entrance to San Diego Zoo, 32°44'40"N,
117°08'54"W, elev. 300 ft, Apr. 19, 2003, A. C. Sanders

26083 (UCR); Stanislaus Co.: Near Ceres and Turlock,

2 mi. WSW of Keyes, 6524 Moffett Rd., near lateral #
3, c. Vi mile south of Keyes Rd., 37°32'35"N,
120°56'47"W, elev. 80 ft, July 8, 2000, A. C. Sanders

23530 (UCR): NOTES: Sometimes treated as Gamo-
chaeta pensylvanica (Willd.) Cabrera. This is a common
urban weed in southern California. Additional records

for most of the counties above are in the Consortium of

California Herbaria (2007). Dets. by G. L. Nesom
(BRIT), 2005 (as Gamochaeta).

Gnaphalium stachydifolium Lam.: DIST: SNF, SnJV:
CS: NW: DOC: Amador, Butte Cos: Nesom (2004, pg.

1180); Stanislaus Co.: Nr. barn just W of Morgan
Gulch, along La Grange Dam Rd, E of La Grange.
May 13, 1969, P.S. Allen 310 (DAV): NOTES:
Sometimes treated as Gamochaeta stachydifolia (Lam.)

Cabrera. Dets. by G. L. Nesom (BRIT), 2005 (as

Gamochaeta).

Senecio cineraria DC: DIST: NCoR: CS: TEN:
DOC: Humboldt Co.: Roadside ditch, Hwy 36 nr.

Carlotta. eight perennial plants. T02N, ROIE, Sec. 18,

H. Sept. 1, 2002, P. Haggard FDR P070860 (CDA) Det.

by D. G. Kelch (CDA). NOTES: Similar to Senecio

jacohaea but heavily tomentose and about twice as tall.

Reported also in Riverside and Santa Barbara Cos.

(Consortium of California Herbaria 2007).

Youngia japonica (L.) DC: DIST: SW: CS: GH/C:
DOC: Orange Co.: Irvine, weed in UCI Arboretum
nursery, Tustin 7.5' Q., 33°39'52"N, 117°54'14"W, elev.

15 m, Feb. 22, 2004, M. A. Elvin 3148 (UCR, IRVC);
Riverside Co.: Riverside, garden weed at Canyon Crest

Drive at Via Zapata. Oct. 22, 1995, D. Koutnik s.n.

(CDA, UC/JEPS, RSA, UCR); Riverside, restaurant on
University Ave. west of Iowa St., weeds in flowerbeds

beside building, 33' 58'30"N, 117 "20'30"W, elev. 302 m,
March 8, 2002, A. C. Sanders 24895 (UCR): NOTES:
Dets. by J. L. Strother (UC) and A. C. Sanders. This

species arrives regularly as a weed in nursery stock from
the SE States and is more solidly established in southern

California than these few records would suggest.

Balsaminaceae

Impatiens capensis Meerb.: DIST: NCo: CS: TEN:
DOC: Alameda Co.: Strawberry Canyon Ecological

Study Area in Berkeley Hills E of UC campus, edge of
Strawberry Creek where it enters culvert near parking
area. Aug. 29, 1996, B. Enter 15271 (UC): NOTES:
Det. by P. Zika (WTU); native to the eastern U.S. Not
seen at this site in recent years.

Impatiens glandulifera Royle: DIST: NCo: CS: NCI:
DOC: Marin Co.: Abundantly naturalized on Vision

Rd., in wet place, Inverness. June 27, 1970, L. McHoul
s.n. (CAS, CDA).

Brassicaceae

Berteroa incana (L.) DC: DIST: CCo, MP: CS: NW:
DOC: Lassen Co.: Anderson Ranch, southern Lassen

Co., dryish, sandy soils, several acres, 39°51.332'N,

120°05.7irW, elev. 4850 ft, July, 2005, C. Battis s.n.

(CDA); Loc. cit. July 18, 2005, D. McDonald FDR
1307852 (CDA and to be distributed); Monterey Co.:

Single plant on old Fort Ord army base. Seaside. On
burn of previous season where straw applied for erosion

control. Eucalyptus Rd at summit of trail 50. July 9,

2004, V. Yadon s.n. (CDA, PGM): NOTES: Lassen Co.

population stable for many years, but beginning to

expand after wet 2004/5 winter season (C. Battis,

personal communication to Hrusa). Additional Mon-
terey Co. records available at the Consortium of

California Herbaria (2007).

Carrichtera annua (L.) DC: DIST: SCo: CS: NW:
DOC: San Diego Co.: Carlsbad, La Costa Greens
Ecological Reserve, east side of El Camino Real, c.

2 km south of Palomar Airport Rd, south-facing slope

in clay soil grassland in mixed chapparal and coastal

sage scrub, edge of cleared area, locally common on
exposed clay soil, 33°07'06"N, 1 17°15'48"W, elev. 52 m/
170 ft, April 6, 2007, F. M. Roberts 6512 (CDA, DAV,
UC, UCR); Loc cit. F. M. Roberts 6513 (UCR):
NOTES: Det. by A. C. Sanders (UCR).

Matthiola longipetala (Vent.) DC. ssp. bicovnis (Sibth

& Sm.) P. W. Ball.: DIST: DMoj: CS: NCI: DOC: Kern

Co.: Infrequent on roadside, Tehachapi. June 17, 1964,

L. B. Krauter s.n. (CDA). Det. by T. C. Fuller (CDA):
NOTES: Reported also in San Diego Co. (Consortium
of California Herbaria 2007).

Teesdalia nudicaulis (L.) R. Br.: DIST: CCo: CS:
TEN: DOC: Monterey Co.: Fort Ord, single spot at

edge of Parker Flats Rd. BLM Section. May 12, 2006,

V. Yadon & D. Styer s.n. (CDA): NOTES: Similar

outwardly to F. coronipifolia but with longer petals and
visible style. Det. by I. Al-Shebaz (MO).

Campanulaceae
Laurentia fluviatalis (R. Br.) E. Wimm.: DIST: nSNF,

SW: CS: GH/C: DOC: El Dorado Co.: Lake Oaks
Mobile Home Park, Diamond Springs, garden plots

around homes, occasional, growing as weed in lawns

with Duchesnia indica and Oxalis corniculata,

38°4ri4"N, 120°49'49"W, ca. 524 m, May 11, 2007,

G. K. Helkamp 11992 (DAV, UCR); Riverside Co.:

Riverside, 11"" St. betw. Almond and Chestnut. Local

lawn weed escaped from cultivation. Elev. 259 m/850 ft

Feb. 14, 2004, A. C. Sanders 27388 (CDA, DAV,
UCR).

Caprifoliaceae

Viburnum rigidum Vent.: DIST: SnFrB: CS: NW:
DOC: Contra Costa Co.: Tilden Regional Park, Selby

Trail and Wildcat Gorge south of Lake Anza. Multiple
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shrubs scattered in forest understory. Oct. 29, 2001, B.

Ertter 17810 (UC): NOTES: Vihimmm rugosum Pers. is

a taxonomic synonym.

Caryophyllaceae

Cerastium tomentosiim L.: DIST: KR, SNE: CS: C:

DOC: Mono Co.: City of Mammoth Lakes. Grassy area

in yellow pine forest. Rather common in an area some
distance from dwellings. Probably deliberately intro-

duced. Elev. 7900 ft 37 39'N; 118 58. 5'W. July 18,

2000, G. Helmkamp 5848 (UCR). Det. by A. C.

Sanders, 2002; Siskiyou County: Yreka, on ditch banks,

June 10, 1958, M. V. Maxwell s.n. (AHUC).
Silene armeria L.: DIST: CCo, NCoRI, SCo, SN,

SnGB.: CS: C: DOC: Los Angeles Co.: San Gabriel

Mtns., foothills along Hwy 2 at La Canada, turnoff to

SCE Gould substation, Gould Canyon watershed.

Scarce annual on weedy road edge, fls. Purple. Elev.

2000 ft/610 m. Pasadena 7.5' quad. T02N, R13W, Sec.

25, SB. 34T3.5'N, 118 11.5'W, June 22, 1998, A. C.

Sanders 21986A (UCR); Mono Co.: City of Mammoth
Lakes. Roadside, under pines. Uncommon. 37 38.8'N,

118°58.5'W. Elev. 8100 ft Sept. 26, 1996, G. K.

Helmkamp 1222 (UCR); Napa Co.: Volunteer in

residence garden, (city oO Napa. Aug. 29, 1980, L.

Darby s.n. (CDA); San Luis Obispo Co.: Nipomo Mesa,
Mesa Dunes Mobile Home Park along Mesa View Dr.,

0.2 mi. S of jet. of Halcyon Rd., SE of Oceano, open
grassy lot, not related to an established garden,

35°05.5'N, 120°34.6'W, elev. 76 m, Aug. 15, 2004, G.

K. Helmkamp 8788B (UCR): NOTES: Assoc. with

weeds and locally exotic "wildflowers" at Los Angeles

Co. site, including Gilia trieolor and multipetaled

Clarkia. Perhaps present in a sown "wildflower''

mixture? Dets. by A. C. Sanders. Reported also for

San Diego and Mono Cos. (Consortium 2007).

Silene coeli-rosa (L.) Godron: DIST: SnFrB: CS: NCI:
DOC: Santa Clara Co.: Palo Alto Foothills Park, Toyon
Trail. July 7, 1967, F. P. Crouemiller 3180 (CDA).

Chenopodiaceae
Atriplex glauca L.: DIST: SCo: CS: N: DOC: Los

Angeles Co.: Boyd (1999, pg. 118); Reifner and Hrusa
(in press); Orange Co., Riverside Co. and San Diego Co.:

Reifner and Hrusa (in press): NOTES: The seed is sold

on the internet. This taxon is (among others) promoted
for use as a "revegetation" species in alkaline areas. See
the Consortium of California Herbaria (2007) for

additional collections.

Atriplex vesicaria Heward in Hook.f.: DIST: SCo,
CCo.: CS: NCI: DOC: Los Angeles Co.: Munz, P. A.
and D. D. Keck (1968, pg. 75); Weed, Northridge. Dec.

9, 1964, D. Williams s.n. (CDA); Monterey Co.:

Railroad ROW, Greenfield. T18S, R07E, Sec. 07,

MD. July 9, 1974, B. Oliver & C. Twohy s.n. (CDA);
Loc. cit. Aug. 19, 1974, C. Twoliy s.n. (PGM): NOTES:
Williams s.n. (Los Angeles Co.) the source of citation in

Munz and Keck (1968).

Beta mact'ocarpa Guss.: DIST: DSon, NChI, SnJV:
CS: NW: DOC: Imperial Co.: Grain field. Aug. 1938,

Henson s.n. (CDA), det. by M. K. Bellue; Weedy in

sugar beet field 1.6 km west of Imperial County airport.

Imperial. T15S, R13E, Sec. 22, SB. Feb. 27, 1974, G. D.
Barbe 1756 (CDA, DAV); Roadside, desert slope, W of
Hwy 99 to Indio, 24.7 mi NW of Westmoreland. April

4, 1962, T. C. Fuller 8008 (CDA); Hwy 115 at Streiby
Rd., 6 mi east of Brawley, 32 57'36"N, 115 24'00"W,
elev. -27 m. May 6, 1998, D. Bart.seh 22 (SD, UC,
UCR); Hwy 98 at Pullma Rd., 10 mi east of Calexico,

32 40'12"N, 1 15 39'00"W, elev. 7 m. May 6, 1998, D.

Bartseh 01 (SD, UC, UCR); Kings Co.: Newton Bros,

prop. Stratford. June 5, 1964, F. H. Surber s.n. (CDA),
det. by T. C. Fuller, Feb. 1974; Santa Barbara Co.:

Santa Cruz Island, NE end, just south of Cavern Point

at top of coastal road, elev. 98 m, March 28, 1992, S. A.

Jimak SC-3111 (UCR, SBBG), det. by Detlef Bartseh,

1998: NOTES: Reported also from Los Angeles Co.
(Santa Catahna Island) and San Diego Co. (Consortium
of California Herbaria 2007).

Crassulaceae

Crassula colligata Toelken ssp. lamprosperma
Toelken: DIST: SCo: CS: NW: DOC: Los Angeles

Co.: Boyd (2004, pg.393^).

Cucurbitaceae

Ecballium elaterium (L.) A. Rich.: DIST: CCo: CS:
GH/C: DOC: Alameda Co.: Berkeley, volunteer in dry,

shady, neglected corner of garden at 1 856 Catalina Ave.,

no seed source evident. Aug. 21, 2004, B. Ertter G-584
(UC): NOTES: A garden volunteer also confirmed from
Santa Clara Co., but a voucher not available.

Cuscutaceae

Cuscuta japonica Choisy: DIST: ScV, SnFrB, SnJV:
CS: N: DOC: Contra Costa Co.: San Pablo, at Stanton

and San Pablo Ave, on Ligustrum japonicum, Hedera
canariensis. Mains, tomato, Kalanchoe . Flwrs. present,

few. Jan. 18, 2006, G. F. Hrusa s.n. (CDA); Shasta Co.:

Redding, Arizona St., on citrus. July 29, 2004, C Moen
PDR 1360556 (CDA); Yuba Co.: Olivehurst, Western
St. Parasite on cultivated grape (Vitis). Oct. 21, 2005,

Roush et al PDR 1295325 (CDA); OHvehurst, Western
Ave., T14N, R04E, Sec. 5, MD, on grape and plum,

Oct. 4, 2005, B. Umino PDR 1295324 (CDA). NOTES:
Many specimens, in addition to the above, have been
seen, mostly in vegetative condition only. Apparently

intentionally introduced. Capable of establishing on a

wide range of host species, this dodder is used as both a

vegetable and a medicinal by certain Asian cultures.

Uncited locations known only from sterile material

have been found in Alameda, Fresno, Los Angeles,

Sacramento, Shasta, and Stanislaus Counties, and the

plant is probably present in many others. The species

flowers late in the season and has not yet been
confirmed to set seed in California, and thus the

current locations may not persist. However, the

potential to reproduce sexually was confirmed through
successful artificial crosses between living accessions at

CDA. This pest has been known to kill or terminally

damage large trees. See also http://www.cdfa.ca.gov/

phpps/ipc/noxweedinfo/noxweedinfo_Jdodder.htm for

more information.

Euphorbiaceae

Euphorbia pulcherrima Willd. ex Klotzsch: DIST:
SCo, sChI: CS: NCI: DOC: Ventura Co.: Ventura,

persisting in waste area south of Southern Pacific R. R.

Station (near site of buildings destroyed about ten years

ago), Dec. 21, 1967, H. Pollard s.n. (DAV); San Nicolas

Island, bottom of Tule canyon, near pumping area. July

28, 1965, R. E. Foreman et al 151 (UC).

Phyllanthus caroliniemis Walt.: DIST: SCo: CS: GH/
C: DOC: Los Angeles Co.: Weedy in container grown
ornamentals. Long Beach. March 17, 2003, Burton s.n.

(CDA): NOTES: Reported also for San Diego Co.

where it appears to be an established garden weed
(Consortium of California Herbaria 2007, A. C.

Sanders personal observation).
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Fabaceae

Coronilla varia L.: DIST: CaR, SCo, SNH: CS: NW:
DOC: Butte Co.: West side of Doe Mille Road, about

1 mi SE of bridge across Butte Creek. Elev. 2341 ft,

T24N R03E, Sec. 34, MD, dry rocky soil, common,
June 22, 2004, L. Ahart 11121 (CDA, CHSC, UC);
Nevada Co.: N side of Lake Van Norden, bottom of

Pinus contorta woods on dry, silty flats, elev. 7100 ft,

39 19'43"N, 120°22'26"W, July 15, 2001, G. F. Hrusa
15896 (CDA, CHSC); ...Lake Van Norden, dry sites on
old dam (breached), elev. 7100 ft, July 15, 2001, G. F.

Hrusa 15872 (CDA, CHSC). Dets. by L. Janeway
(CHSC); Placer Co.: North Shore of Lake Tahoe,

Stateline Road, on decomposed granite, June 23, 1985,

B. Crampton 9997 (DAV); Santa Barbara Co.: Road-
side, Goleta. July 19, 1968, M. E. Cravens s.n. (CDA).
Det. by T. C. Fuller; Siskiyou Co.: Siskiyou Avenue exit

from 1-5 N of Dunsmuir, driveway to Dunsmuir
Elementary School, naturalized in drainage area below
road, roadbanks seeded to control erosion, June 13,

1972, T. C. Fuller & G. D. Barbe 943 (CDA, DAV):
NOTES: Reported also for El Dorado, Monterey and
San Diego Cos. (Consortium of California Herbaria

2007); additional records from Butte Co are also

available in the Consortium database.

Crotalaria capensis Jacq.: DIST: SCo: CS: GH/C:
DOC: Orange Co.: UC Irvine arboretum. Weedy near

fence by bird enclosures. ''Not cultivated [in the

arboretum] currently or recently". Oct. 12, 2003, A.

C. Sanders 27318 (CDA, UCR).
Cytisus hattandieri Maire: DIST: SnOB: CS: NCI:

DOC: Los Angeles Co.: Betw. La Canada and Big Pines

on the Angeles Crest Highway, woody shrub to app.

15 ft, June 22, 1976, /. Cooper s.n. (CDA): NOTES:
Sometimes treated as Argyrocytisus battandieri (Maire)

Raynaud.
Dorycnium hirsutum L.: DIST: KR, SnFrB: CS: NCI:

DOC: Alameda Co.: Scattered plants in waste ground,

abandoned sect, of old SCS (Soil Conservation Service)

nursery, Alameda County Fairgrounds, Pleasanton.

Sept. 10, 1975, T. C. Fuller 20104 (CDA); Shasta-

Trinity Co.: (boundary): 1-2 mi S of Lewiston, granitic

soil, Oct. 28, \91\,W.H. Brooks III s.n. (DAV), det. by
B. Crampton, 1971 (AHUC): NOTES: Freely reseeding

in garden setting in Alameda Co., including adjacent

pavement crevices, suggesting high potential for inva-

siveness.

Lathyms nissolia L.: DIST: NCoR: CS: NCI: DOC:
Sonoma Co.: Garden weed in Santa Rosa, Mar. 7, 2003,

J. RaLsner PDR 1279785 (CDA).
Medicare muricata AIL: DIST: SCoRI: CS: NW:

DOC: San Luis Obispo Co.: Chimineas Unit, Carrizo

Plain Ecological Preserve, along 3 Dam Rd., 0.6 mi
NW of Scale House, common in grasslands, elev.

2500 ft, Apr. 27, 2005, G. Butterworth s.n. (CDA); Loc.

cit. May 12, 2005, G. Butterworth s.n. (CDA): NOTES:
Probably arrived via rangeland improvement program.

Vouchers at CDA from several experimental plantings

in mid-20"' century.

Medicago scutellata (L.) P. MiU.: DIST: CCo: CS:
NW: DOC: Monterey Co.: Rana Creek Ranch app.

20 mi E Hwy 1 along Carmel Valley Rd. April 29, 2002,

V. Yadon s.n. (CDA, PGM); Loc. cit. May 6, 2002, V.

Yadon s.n. (CDA).
Sophora secundiflora Lag.: DIST: SCo: CS: NCI:

DOC: Riverside Co.: Several plants found growing in

the upper San Jacinto Valley, slopes below hills on the

east side, coastal sage scrub, elev. 1500 ft, Aug. 25,

1976, L. B. Ziegler 552 (UCR).

Hamamehdaceae
Hamamelis sp.: DIST: n SNF: CS: NW: DOC: Butte

Co.: Cyn. N. Fk. Feather R. (Lake Oroville) betw. Big
Bend Mtn. & Swayne Hill, 1.8 km NNW of mouth of
French Ck. Large colony on steep, NNE-facing slope.

39°42'42"N, 121°24'43"W, elev. 299 m, July 1 1, 2003, L.

P. Janeway 7898 (CDA, CHSC, JEPS): NOTES: Acc.

to D. G. Kelch (CDA) this colony is not referable to

any of the four known species, and may represent a
hybrid form persisting from cultivation and spreading

by root sprouts. It is provisionally identified in

California Consortium of Herbaria specimen records

as H. vernalis Sarg.(Consortium of California Herbaria

2007). Further study needed.

Juglandaceae

Carya illinoiensis K. Koch: DIST: SCo, SnJV: CS:
NW: DOC: Riverside Co: Temescal Valley, Lawson Dr.

near Glen Ivy, in a wetland reserve area for the Trilogy

Development, in riparian forest dominated by willows,

common 15-20 m trees, 33^46' 15"N, 1 17"29'28"W, elev.

335 m. May 21, 2003, A. C. Sanders 26778 (RSA, SD,
UCR); Riverside, west edge of UCR campus, lower

drainage of Big Springs Canyon, near intersection of

Canyon Crest Dr. and University Ave., common in

riparian forest with Salix and Populus, 33°58'36"N,

117°19'56"W, elev. 320 m. May 6, 2003, A. C. Sanders

26558 (RSA, UC, UCR); Stanislaus Co.: Edge of pond
along Hwy. 132, +/— 200 yds E of Basso Bridge, 2 mi
SW of La Grange, May 27, 1969, P. S. Allen 354
(DAV): NOTES: Anderson (2002, pg. 14,) cites a

naturahzed location in Ventura Co., but this remains

unverified by vouchers. Besides the records for River-

side Co. above, this species is also naturalized along the

Santa Ana River at Riverside (Sanders, pers. obs.).

Naturalized reports from San Diego Co. are also

available (Consortium 2007). Widely planted by pio-

neers and often persisting in old homestead sites.

Lamiaceae
Leonmus sihiricus L.: DIST: SCo: CS: GH/C: DOC:

San Diego Co.: Rebman, J. and M. Simpson (2006):

NOTES: Record from electronic version viewable at

http://www.sdnhm.org/ research/botany/sdplants/check-

list_19.html. Used in Asian and Latin American
cultures as a medicinal. Present as a weed in the

California State University, Fullerton, Arboretum (A.

Sanders, pers. obs.) in Orange Co.

Malvaceae
Urena sinuata L.: DIST: SCo: CS: GH/C: DOC:

Santa Barbara Co.: Weed in rose-growing operation in

Carpinteria, growing in coco fiber imported from Sri

Lanka. Sept., 1998, T. Watson s.n. (CDA): NOTES:
Plants grown to maturity in CDFA Sacramento
greenhouse.

Melianthaceae

Melianthus major L.: DIST: NCo: CS: NW: DOC:
Humboldt Co.: PALCO industrial timberlands, edge of

disturbed logging road in second growth redwood
forest, shoulder of Road 35 at Fox Creek gate, single

shrub persisting for at least two years, UTM Zone 10,

413888E, 4509069N, Jan. 6, 2005, G Leppig 2201

(CDA, HSC); Los Angeles Co: South Coast, El Segundo
Dunes, immediately west of L.A. International Airport

and Pershing Drive, and east of Vista Del Mar Blvd.,
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33.933°N, 118.433°W, coastal dunes formerly largely

occupied by residential areas, the houses removed c.

15 yr ago, associated with Abronia umbellata, Camisso-

nia cheircmthifolia, and Croton californicus, a scarce

persisting ornamental. May 18, 1988, A. C. Sanders

7817 (RSA, UCR); Orange Co.: Upper Newport Bay,

above Back Bay Drive in the vicinity of the Narrows, c.

0.8 km north of Big Canyon, west-facing slope at

border of coastal sage scrub and disturbed vegetation,

erect shrub, c. 1.5 m tall, a few scattered individuals,

first observed on this slope in 1987, there was only a

single individual covering much less area, 33 38'18"N,

1 17^53' 12"W, Nov. 24, 2007, R. DeRuff s.n. (UCR):
NOTES: At the Los Angeles Co. site, the species had

been persisting with no care for 15 yr at the time of

collection. At the Orange Co. site, the species has been

present and increasing for 20 yr. This species can be

invasive in favored climates.

Moraceae
Ficus rubiginosa Desf. ex Vent.: DIST: SCo: CS:

TEN: DOC: Orange Co.: Irvine. University Dr along

tidal creek just E of 1-73. Brackish marsh and border

vegetation. Uncommon shrub to 1.5 m in stream

channel, nr. 33°39'03"N, 117°51'18"W, elev. 9 m/30 ft,

Dec. 9, 2006, D. G. Kelch 06. 565-B (CDA, SD). Det. by

D. G. Kelch (CDA); San Diego Co.: Batiquitos Lagoon
Ecological Reserve, north side, east of the 1-5 Fwy,
along the trail past the nature center, solitary 3 X 3 m
shrub, epiphytic, c. 4 m up, on trunk of naturalized

Phoenix canariensis, an incipient strangler?, 33.09 1°N,

117.296°W, elev. 0-6 m, June 22, 2005, A. C. Sanders

31177 (RSA, UC, UCR): NOTES: Report from Los
Angeles Co. (Consortium of California Herbaria 2007),

is of uncertain naturalization.

Myrtaceae

Eucalyptus pulchella Desf.: DIST: SnFrB: CS: NW:
DOC: Alameda Co.: Joaquin Miller Park in Oakland
Hills, locally dominant along Sequoia-Bayview trail just

south of horse arena as a nearly solid stand, with some
Acacia mixed in, all size classes, Aug. 19, 2001, B. Ertter

17805 (UC); Loc. cit., Oct. 21, 1993, D. Keil 24454
(OBI, UC): NOTES: Determination confirmed by M.
Ritter (UC Santa Cruz Arboretum). Synonyms include

Eucalyptus linearis Dehnh. and Eucalyptus amygdalina
var. angustifolia Burtt Davy. This is only the second
report on naturalization of this species worldwide (after

New Zealand).

Melaleuca citrina (Curtis) Dum.Cours.: DIST: SCo:
CS: NW: DOC: San Bernardino Co.: San Bernardino
Valley, Fontana/Bloomington, property on south side

of Slover Ave., c. 0.5 mi E of corner Slover Ave.
and Sierra Blvd. Ca. 10 plants "evidently naturalized"

along an arroyo. Fontana 7.5' quad. 34°0r00"N,
117°25'00"W, elev. 329 m/1080 ft, Sept. 11, 2000, M.
Provance 2224 (UCR): NOTES: Det. by L. Craven
(CANB). This species has previously been most often

treated as Callistemon citrinus (Curtis) Skeels. Other
localities from San Bernardino Co. appear to be
cultivated plants persisting near old homesites. Natu-
ralized reports also from Orange and San Diego Cos.
(Consortium 2007).

Melaleuca viminalis (Sol. ex Gaertn.) Byrnes: DIST:
SCo: CS: NW: DOC: Orange Co.: Newport Beach, Big
Canyon near Jamboree Rd. [off Newport Back Bay]. 2

to 3 plants seen. Near 33°37'42"N, 117"52'40"W, July

18, 1987, R. DeRuff 301 (UCR); City of Irvine, San
Diego Ck. vicinity of Campus Ave. at University Dr,

naturalized in disturbed riparian scrub and along dirt

access rd. in alkaline soil, UTM (NAD 83) IIS

0421602E, 3724316N, elev. ca. 15 ft, Nov. 14, 2006,

R. E. Reifner 06-674. 06-675 (CDA); Newport Beach,

Irvine Coast Trail at San Diego Ck., nr. SR-73 crossing,

S of Jamboree Rd., common in alkaline soil in A triplex

scrub and disturbed riparian scrub along creek, many
small saplings, UTM (NAD 83) IIS 0419948E,
3723890N, elev. ca 11 ft, Nov. 12, 2006, R E. Reifner

06-559 (CDA); City of Newport Beach, urban creek

draining into San Diego Ck. at confiuence with

Newport Bay nr. SR-73 overpass, disturbed riparian

woodland, UTM (NAD 83) 1 IS 04198895E, 3723901N,
elev. ca 19 ft, Nov. 12, 2006, R. E. Reifner 06-669

(CDA); San Bernardino Co.: San Bernardino Valley,

Fontana/Bloomington, S side of Slover Ave., ca. 0.5 mi
east of corner Slover Ave. and Sierra Blvd, solitary tree

growing in arroyo, 34 01'00"N, 117 25'00"W, elev.

329 m/1080ft, Sept. 11, 2000, M. Provance 2235

A

(UCR); San Diego Co.: Carlsbad, S edge of Carlsbad

Highlands Ecological Reserve, 1 km south of Cerro de

la Calavera, two trees, 1 ca. 3 m tall, the other 5-6 m,
clearly spontaneous in moist soil nr. Spring,

33"09'28"N, 117 16'54"W, elev. 30-61 m/ 100-200 ft,

Sept. 3, 2004, A. C. Sanders 28793 (CDA, UCR);
Buena Vista Ecological Reserve, lower section between

Pacific Coast Highway and the railroad, solitary 2 m
shrub, nr. 33 10'06"N, 117 2r29"W, elev. 2 3 m/5
10 ft, April 16, 2004, A. C. Sanders 27483 (UCR);
North Park/Golden Hill area, Cedar Ridge Park
Canyons along stream beside 1-15, several escaped

trees, reproducing with saplings, 32"43'N, 117^07 W,
June 30, 2000, /. Rebman 6933 (UCR); Encanto area,

canyon just N of Market St. and E of Malcolm X
Library and Euclid, tree to 5 m tall, 32 42'39"N,

117 04'46"W, Mar. 31, 2000, Rebman 6362 (UCR):
NOTES: This species has been most often treated as

Callistemon viminalis (Sol. ex Gaertn.) Cheel. All UCR
duplicates determined by L. Craven (CANB). Addi-

tional records (as either Melaleuca or Callistemon) from
Los Angeles, San Bernardino and especially San Diego

Cos. are available at the Consortium of California

Herbaria (2007).

Metrosideros kermadecensis W.R.B. Oliv.: DIST:
SCo: CS: C: DOC: Los Angeles Co.: La Piedra State

Beach, just above the highest tide line. May 30, 2004,

M. O'Brien MOB3-04 (CDA), det. D. G. Kelch, G. F.

Hrusa (CDA). NOTES: Population likely not planted,

but not obviously reproducing. Separable from M.
excelsa by its shorter filaments (1-2 cm vs. 3-4 cm),

smaller leaves (2-5 cm vs. 5-10 cm) and slightly smaller

capsules (ca. 6 mm vs. 7-9 mm). A variegated form is

commonly cultivated, but this specimen is not varie-

gated. Metrosideros excelsa has been reported escaped

in South Africa (Richardson and Rejmanek 1999), and
M. kermadecensis has escaped in Hawaii (Evenhuis and
Eldredge 2004). Additional record from Los Angeles

Co. (Consortium of California Herbaria 2007) may or

may not be naturalized.

Myrtus communis L.: DIST: cSNF: CS: NW: DOC:
Stanislaus Co.: At edge of dredge tailings, 'A mile W of

La Grange, north across a grassy field from State Hwy
132, in woodland with Quercus lobata, Ficus carica,

Cydonia oblonga, Rubus procerus, and Carex nebras-

censis, Nov. 30, 1968, P. Allen 36 (DAV); Shrub beside

marsh S of old Dredge Camp, 2.5 mi SW of La Grange,

Dec. 1, 1968, P. Allen 37 (DAV): NOTES: Reported
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also from San Diego and Sonoma Cos. (Consortium of

California Herbaria 2007).

Syzygium australe (Wendl. ex Link) B. Hyland: DIST:
SCo: CS: NW: DOC: San Diego Co.: Mission Valley

Preserve, San Diego, disturbed riparian forest and scrub

with many introduced species, Aug. 3, 2004, L. R.

Landrum & J. Rebman 10961 (ASU, UC): NOTES:
Syzygium australe has been segregated from the closely

related and commonly cultivated S. paniculatum
Gaertn. (Hyland 1983). Separation appears difficult,

and California specimens of Syzygium often cannot be

determined to species. The relative frequency of

cultivation or escape of these two species in California

is not known, and situations where they are found are

often equivocal as to naturalization. Records of

specimens labeled as 5". paniculatum are available for

Los Angeles, Orange and San Diego Cos. (Consortium
of California Herbaria 2007).

Nyctaginaceae

Boerhavia diffusa L.: DIST: ScV: CS: NCI: DOC:
Yolo Co.: West Sacramento, off West Capitol Avenue,
Vi mi. E of E levee of Yolo Bypass, disturbed sandy soil

with Salsola and Polygonum avicu/are, flat mat on
ground, 0.5 m across, 1 plant, Aug. 26, 2005, A. M.
Shapiro s.n. (DAV): NOTES: Det. by A. G. Murdock
and R. Spellenberg, 2007.

Nymphaeaceae
Nelumbo lutea Willd.: DIST: SCo, ScV: CS: N: DOC:

Tehama Co.: Table Mountain Ranch, Red Bluff. T28N,
R03W, Sec. 2, MD, July 19, 2005, Stoffel PDR 1411565
(CDA); San Diego Co.: Corte Madera Ranch, Pine

Valley, Aug. 30, 1980, H. van der Werff 4136 (CDA,
SD): NOTES: Tehama Co. site is a large population in

an artificially maintained lake. There is potential for

spread of the species at this site, but survival of this

population is dependent upon lake managers keeping

the water level high. The San Diego Co. location is also

apparently a private lake, but the current status of this

population is not known.

Oxalidaceae

Oxalis carnosa Molina: DIST: SnFrB: CS: GH/C:
DOC: Contra Costa Co.: Weedy in nursery. Interna-

tional Succulent Institute, betw. Moraga and Orinda,

March 25, 1976, G. D. Barbe 2117 (CDA): NOTES:
Oxalis megalorrhiza Jacq. misapplied (Dandy and
Young 1959).

Oxalis corymbosa DC: DIST: SCoRO, SnFrB: CS:
GH/C: DOC: Santa Barbara Co.: Nr. Lompoc, Frank
Costa Farm, weed in agricultural field, common,
flowers white to purple, June 21, 2005, S. Fennimore
s.n. (DAV); Santa Clara Co.: Hayward (Mt. Eden), Mt.
Eden Nursery (West Jackson St.), greenhouse rose beds,

grown out from bulbs sent in by L. Pyeatt, bulb scales

with orange stripes, flowers rose-purple, tube yellow-

green with purple stripes, Jan. 14, 1977, /. McCaskill
783 (DAV): NOTES: Field workers at the Lompoc
locality dig up the rhizomes and suck on them because

they are sweet and taste like caramel.

Passifloraceae

Passiflora 'Coral Seas': DIST: CCo: CS: NW: DOC:
Monterey Co.: Mission Trail Nature Preserve, Carmel,

near 1 T'' St. entrance, spreading over 0.25 ha area, no
fruits found, June 17, 2004, J. Randall s.n. (DAV):
NOTES: Probably the 'cultivar' 'Coral Seas', a sterile

hybrid between P. manicata and an unknown species or

several species (Ulmer and MacDougal 2004). The
origin of this occurrence is unknown.

Plumbaginaceae
Limonium binervosum (G.E. Sm.) Salmon: DIST:

SCo: CS: NW: DOC: Orange Co.: Newport Back Bay
Dr., in side canyon, disturbed coastal scrub, riparian

forest, and brackish marsh, common clumping herb to

30 cm in upper marsh, fls. sordid white, nr. 33°37'52"N,
117 53'02"W, elev. 6 m/20 ft, Dec. 9, 2006, D. G. Kelch

06.547 (CDA, DAV, SD): NOTES: Det. by D.G. Kelch
(CDA). This name covers a complex of closely related

species. As we cannot determine which of these may be
represented by this population, we are using the broader
name.
Limonium gougetianum Kuntze: DIST: ScV: CS:

TEN: DOC: Alameda Co.: Livermore, Marina Ave.,

betw. road edge and ditch, site floods temporarily in

winter, 30 39'24"N, 121°45'30"W, elev. 170 ft, June 20,

2007, D. Petersen s.n. (CDA); Yolo Co.: Roadside weed,
County Rd. 96, Woodland, elev. 30 m, 38"42'40"N,

121 50'22"E, July 24, 2006, B. Lyon PDR 1340754
(CDA). NOTES: A difficult genus taxonomically, these

determinations are based on descriptions in Flora

Europaea (Pignatti 1972). Comparison to authentic

material may ultimately result in modification to the

identities used here.

Polygonaceae

Polygonum aubertii Henry: DIST: KR, NCo, SCo,
ScV: CS: N: DOC: Los Angeles Co.: Beside signal

tower, P.E.RR. crossing in East Pasadena, Nov. 7,

1956, G. C. Fleischman s.n. (CDA); Santa Barbara Co.:

Bank of Mission Creek nr. San Andreas and San
Pasqual St., Santa Barbara, Nov. 5, 1961, //. M. Pollard

s.n. (CAS, CDA). Cited on this specimen label as also at

Micheltorena St. S of S.P.RR crossing; Sonoma Co.:

Sonoma Creek bank next to Sonoma Creek Apts. in

urban Sonoma (city) limits, June 5, 1998, S. Schoenig

s.n. (CDA); Ventura Co.: Persistent in long-abandoned
garden site, S. Montgomery St., Ojai, June 21, 1962, H.

M. Pollard s.n. (CAS, CDA): NOTES: Differing from
Polygonum baldschuanicum Regel in its scabrous
inflorescence axis and smaller, white to greenish-white

flowers (as opposed to glabrous infl. axis and larger

pink flowers). Possibly all references to P. baldschuani-

eum in California are actually this species which is

naturalized in numerous sites in North America. A
survey of herbarium specimens has not been undertak-

en. Reported also from Glenn and Siskiyou Cos.

(Consortium of California Herbaria 2007).

Portulacaceae

Portulacaria afra (L.) Jacq.: DIST: SCo: CS: GH/C:
DOC: Los Angeles/Ventura Co.: Leo Carrillo State

Beach, 3 clumps (plants?), 12 ft tall, probably persistent

or waifs from previous settlement, flowers pink/

magenta, Jan. 29, 2003, M. O'Brien s.n. (CDA):
NOTES: Commonly cultivated but rarely flowering.

Highly persistent in mild coastal chmates. Spreads by
dispersal of broken stem joints, and several individuals

from the site above were establishing at the base of the

cliff on which the mature plants were found. Reported

also for San Diego Co. (Consortium of California

Herbaria 2007) but naturalization status uncertain.

Proteaceae

Grevillea robusta Cunn.: DIST: CCo: CS: NW: DOC:
San Luis Obispo Co.: Nat. grove, 2.5 mi N of Arroyo
Grande on Hwy 227. T31S, R13E, Sec. 33, MD, Jan.
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27, 1977, G. D. Barhe 2242 (CDA); Near summit along

Hwy 227 between San Luis Obispo and Arroyo

Grande, mosaic of coast live oak woodland, chaparral,

and coastal scrub, well established on hillside and in

canyon drainage, more than 100 individuals in all stages

from seedlings to mature trees, elev. 600-700 ft, Nov.

12, 1988, D. J. Keil21194 with L. M. Kelly, K. Bay, and

F. Wertman (OBI); Orange Co.: Newport Beach, upper

Newport Bay, beyond the east end of Mesa Dr., marsh

level in disturbed coastal sage scrub, with Brazilian

pepper and annual grassland mixture, 33.656°N,

117.872°W, elev. 3 m, a single small tree, 3 m tall,

growing near salt marsh, probably originated from two

trees planted within irrigated landscaping at top of bluff.

May 2005, R. DeRuff, 345 (UCR); Ventura Co.:

Spontaneous as seedlings in crevice at side of rd.,

intersection of Signal and Eucalyptus Sts., Ojai, Dec. 9,

1967, H. M. Pollard s.n. (CAS, CDA, SBBG): NOTES:
Both San Luis Obispo Co. records are the same
population. Reported also for Los Angeles and San
Diego Cos. (Consortium of California Herbaria 2007).

Ranunculaceae

Ranunculus tnlobus Desf.: DIST: CCo: CS: N: DOC:
San Mateo Co.: Along Hwy 101 in Half Moon Bay,

growing in former agricultural field on coastal flat

terrace, clay soils, 1-2 ft tall, April 17, 2002, P. Greer

s.n. (DAV).

Rhamnaceae
Rhamnus alaternus L.: DIST: SCo, SnFrB, SnJV: CS:

NW: DOC: Contra Costa Co.: NW slope of Lime Ridge

Open Space on S side of Ygnacio Valley Rd., nr. culvert

for main swale, with Baccharis and Juglans, Oct. 18,

1998, B. Enter & T. Morosco 16431 (UC); Loc. cit.,

Apr. 14, 2006, Ertter & Gowen 18667 (CDA, UC); Los
Angeles Co.: Los Angeles area, undeveloped mesa
between Sybil Brand Institute and Sheriff Academy,
1 km SSW of 710/10 freeway intersection, Monterey
Park, three plants ca. 2 m tall naturalized in brushy

area with Baccharis pilularis, 34°03'N, 118°09.5'W,

elev. 165 m, June 3, 1998, D. S. Cooper s.n. (UCR);
Orange Co.: Newport Back Bay Dr. in side canyon,

disturbed coastal scrub, riparian forest, and brackish

marsh, rare shrub, 1.3 m, 33°37'52"N, 117°53'02"W,

elev. 6 m/20 ft, Dec. 9, 2006, D. G. Kelch 06.546 (CDA,
SD); Riverside Co.: Riverside, NE side of the UCR
campus, two large shrubs naturalized at the edge of an
arroyo beneath a dead blue gum, assoc. with Schinus

polygamus and 5*. molle, weedy shrubs at margins of

campus, scarce weed in hedge of Pittosporum and
Xylosma on N side of parking lot 13, 33"58.5'N,

117°19'W, elev. 335 m, March 14, 1996, A. C. Sanders
17972 (UCR); Riverside, E side of UCR campus,
33°58'N, 117°19'W, elev. 335 m, March 1, 1997, A. C.

Sanders 19726 (UCR): NOTES: Seeds apparently
dispersed by birds (A. Sanders pers. obs.). The plants

on the UCR campus are doubtless dispersing from a

cultivated plant somewhere in the area, but no
cultivated plants of this species appear to be present

on the campus. Additional records for the documented
counties above and reports for Merced and Monterey
Cos. are available from the Consortium of California

Herbaria (2007).

Rosaceae
Aphanes arvensis L.: DIST: DSon, SCo: CS: GH/C:

DOC: Los Angeles Co.: Huntington Gardens, San
Marino, weed in lawn and edge of lawn, March 13,

1965, J. C. Roos s.n. (UCR); Pasadena, Campbell Seed

Company (sent in for identification). May, 1927, P.

Kennedy s.n. (DAV); Riverside Co.: Coachella Valley,

Palm Desert, lawn weed in condominium complex at

Mountain Shadows Golf Course, April 6, 1992, J. Di
Bernardo 92-1 (UCR); Loc. cit. April 16, 1992, J. Di
Bernardo 92-2 (UCR): An additional location in

Riverside Co. is in the Consortium of California

Herbaria (2007). As per the label data, this species is

also naturalized in wildlands.

Cotoneaster simonsii Baker: DIST: NCo: CS: NW:
DOC: Del Norte Co.: Zika (2005, pg. 208).

Rosa sempervivens L. cv. "Felicite et Perpetue": DIST:
SnFrB: CS: TEN: DOC: Contra Costa Co.: Along
railroad west of Crockett at west edge of Carquinez
Straits, mid-slope above abandoned railroad station,

April 2, 1993, B. Ertter 11481 (UC): NOTES: Det. by

D. G. Kelch (CDA); the site is close to old habitations

where a number of cultivated plants persist. This

individual is spreading by root sprouts.

Rubiaceae

Diodia virginiana L.: DIST: GV: CS: N: DOC: Shasta

Co.: Lawn and sidewalk weed on Leonard St., city of

Redding, T31N R05W, Sec. 23, MD, Sept. 10, 2003, E.

Finley s.n. (CDA): NOTES: First record for this species

west of the Rocky Mountains. Additional specimens

from Shasta Co. are reported at the Consortium of

California Herbaria (2007).

Sapindaceae

Cardiospermum halicacabum L.: DIST: GV: CS:

TEN: DOC: Sacramento Co.: Just N of Elk Grove city

limit, N side of Dwight Road opposite end of Portofino

St. growing spontaneously in drainage ditch, partly

ascending into a Himalayan blackberry thicket, Sept. 9,

2006, A. M. Shapiro s.n. (DAV); Solano Co.: Putah

Creek, E of low water bridge, Aug. 13, 1943, M. Ensign

s.n. (DAV): NOTES: Consortium of California Her-

baria (2007) record from San Diego Co. may or may not

be naturalized.

Cupaniopsis anacardioides (A. Rich.) Radlk.: DIST:
SCo: CS: NW: DOC: San Diego Co.: Batiquitos

Lagoon Ecological Reserve, north side of lagoon, east

of the 1-5 Fwy, along the trail past the nature center,

disturbed uplands along trail, scattered Eucalyptus

groves, two saplings seen, 1.5 and 4 m tall, in moist

upland areas, clearly spontaneous, nr. 33 05'33"N,

117°17'25"W, elev. 0-6 m/0-20 ft, April 22, 2005, A.

C. Sanders 29658 (CDA, DAV, UCR): NOTES:
Additional records from San Diego Co. and reports

for Los Angeles and Orange Cos. are available at the

Consortium of CaHfornia Herbaria (2007).

Saxifragaceae

Francoa ramosa D. Don: DIST: SnFrB: CS: TEN:
DOC: Alameda Co.: Cragmont Rock Park in north

Berkeley Hills, sparingly naturalized in untended area

with Algerian ivy, July 24, 2004, B. Ertter 18443 (UC).

Scrophulariaceae

Veronica biloba L.: DIST: MP: CS: NW: DOC:
Modoc Co.: Fox Mountain Spring, ca. 10 km NW of

Adin, Pinus ponderosa forest with Calocedrus and Abies,

T40N, R08E, Sec. 35, MD, annual, flowers blue with

white at base of throat, elev. 1620 m, June 20, 1991, 5.

Bartholomew 5790 (CAS, RSA): NOTES: Determina-

tion and report by L. Gross (RSA). Similar to Veronica

persica L., but with bracts shorter than the leaves and
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style < 1 mm. Sometimes treated as Pocillia biloba (L.)

W. A. Weber.

Solanaceae

Nierembergia frutescens Durieu.: DIST: SCo: CS:
TEN: DOC: Los Angeles Co.: Glendale, Chevy Chase
Country Club, Small bush along seventh fairway,

disturbed area of a sub-division, Adenostoma fascicula-

tum chaparral on rocky, dry soil, elev. 1000 ft, June,

1971, T. A. Zink s.n. (UCR); Riverside Co.: Jurupa
Mountains, Sunnyslope area, ca. 0.5 mi E of 34th St.

and Armstrong Rd., seepy disturbed vacant lot,

uncommon herb along dry margins of the seep,

33.0133"N, 117.4305 W, elev. 274 m/900 ft, July 23,

1998, M. Provcmce 931 (UCR): NOTES: Dets. by S.

White and A. C. Sanders, 2002.

Nierembergia hippomanica Miers.: DIST: DMoj/
DSon boundary: CS: TEN: DOC: Riverside Co.: Dry
Morongo Wash, 100 yards downstream from the bridge

at the San Bernardino County line, growing among
willows in the wash. May 20, 1981, G. K. Helmkamp
x«.(UCR).

Solarium cardiophyllum Lindl.: DIST: ScV: CS: TEN:
DOC: Yolo Co.: University of California at Davis,

Vegetable Crops Dept. Campbell Tract, weed in tomato
field, source not certain, probably of Mexican origin,

Aug. 21, 1969, P. Smith s.n. (DAV); About a dozen
plants scattered over an acre of tomato variety test

plots, Veg. Crops Dept., Univ. Calif., Davis, Aug. 27,

1969, T. C. Fuller 18855 (CDA). Det. by D. S. Correll,

1969.

Solatium chrysotrichum Schltdl.: DIST: SCo: CS:
NCI: DOC: San Diego Co.: Balboa Park, San Diego,

naturalized along drainageway of an unlandscaped

canyon S of the Museum, Oct. 21, 1969, T. C. Fuller

19011 (CDA, DAV); Loc. Cit., April 22, 1969, T. C.

Fuller 18245 (CDA). Dets. by M. Nee (NY), 1988 (orig.

det. as 5". hispidum Pers.).

Solarium jasminoides Paxt.: DIST: CCo: CS: NCI:
DOC: San Luis Obispo Co.: 1.7 mi NNW of Cayucos,
T28S, RlOE, Sec. 32, MD, elev. 50 m. Mar. 28, 1936, C
M. Belshaw 1751 (DAV).

Solarium mauritianum Scop.: DIST: SCo, SnFrB: CS:
NW: DOC: Alameda Co.: Joaquin Miller Park, south

terminus of Sunset Trail below curve in Bayview Trail,

single plant on shaded bank, 5 Dec 2005, B. Ertter & D.
Gowen 18658 (UC); Los Angeles Co.: Commonly
naturalized in cyn. bottom and adjacent slopes, Nichols

Cyn. Rd. at Dresden Dr., Santa Monica Mts, Los
Angeles. TO IS, R14W, Sec 5 SB. March 9, 1976, T.C.

Fuller 20120 (CDA); Orange Co. Residential yard weed,
Mayfair Ave., Orange. May 1, 2000, A. C. Helm
PDR1223083 (CDA),det. G.F. Hrusa; Santa Barbara
Co.: Spontaneous in oranges and open fields, NE
corner East Valley & Hot Springs Rds, Montecito. Oct.

19, 1960, T. C. Fuller 5333 (CDA); N side of RR tracks

200 yds W of San Ysidro Rd. Montecito. March 23,

1971, T. C. Fuller 19823 (CDA); Hwy 101 and Glen
Annie Road, NE corner of intersection in riparian area

along creek. Oct. 27, 2000. /. DiTomaso s.n. (DAV).
Det. by L. Bohs, 2001): NOTES: Collected in Pasadena
(Los Angeles Co.) from cultivated material as early as

1949, and noted then by G. C. Fleishman (CDA) as an
"undesireable spreader." A difficult pest in South
Africa (Bromilow 1995). Also known from Riverside

and San Bernardino Cos. (Sanders 1996) and reported

from San Diego Co. (Consortium of California

Herbaria 2007).

Verbenaceae
Verbena incompta Michael: DIST: CCo, GV, SNF

(likely also in SCo and SW): CS: NW: DOC: Fresno
Co.: Lincoln & Brawley Rds., Oct. 20, 1959, T. C. Fuller

3141 (CDA); Perennial weed along a ditchbank, corner
of Dickensen and Jensen Avenues, between Fresno and
Kerman, June 16, 1982, B. Fischer s.n. (DAV); Marin i

Co.: Waste places in southern part of Mill Valley, elev.

25 ft, plants 5-6 ft tall, Sept. 5, 1943, /. Howell 19323
I

(CDA, DAV, UC, UCR); Merced Co.: Ditchbank,
0.8 mi north of Livingston, Cressey St., Aug. 15, 1954,

B. Crampton 2262 (AHUC, UC,UCR); Placer Co.:

Folsom Lake, American River bike trail, uncommon
here, elev. 300 ft 38°42'N, 121"10'W, May 27, 2002, M.

,

/. Wibawa 268 (CDA); Sacramento Co.: Colony at base

of American River Bluffs, in +/— wet spot along

lakeshore bike trail, 38°37'N, 121°02'W, elev. 75 m,
July 29, 1990, G. F. Hrusa 8171 (CDA, DAV); Grant
Line Road, 0.6 mi S of junction with Douglas Ave.,

roadside, Aug. 14, 1978, B. Crampton 9657 (DAV);
Cosumnes River Preserve (multiple locations and
collectors) 1994—2003; Sacramento Delta, Georgiana
Slough, middle part, elev. 5 m. 38°09'04"N,

i

12r35'19"W, Oct. 11, 1998, G. F. Hrusa 14864 ,

(CDA); San Joaquin Co.: Caswell Memorial State Park,
,

common along moist riverbanks, especially below the

easternmost campgrounds, July 8, 1992, G. F. Hrusa
9160 (DAV); Caswell Memorial State Park, Middle ,

reaches of Fence Line trail, 37°41'N, 12rirW, Oct.

14, 1998, G. F. Hrusa 14894 (CDA); Yuba Co.:

Perennial up to four feet high, corolla lavender, on
moist or flooded ground along drainage ditches,

common, occurring intermittently along the road for

seven miles, elev. ca. 200 ft, road to Grass Valley, four

mi. E of Marysville city limits, Sept. 25, 1938, A. Carter

3721 (DAV, JEPS): NOTES: Native to South America.

This species remained unnamed and was consistently

(mis)identified as Verbena bonariensis L. worldwide .

until described from Australian material (Michael

1995). While this name is thus a general replacement

for V. bonariensis in California, a single specimen from
Glenn Co. (marshy area, E side County Rd. "R", S of

Hwy. 162 nr. Willows, May 15, 1980, J. R. Keck s.n.,

CDA) represents true V. bonariensis - in a wildland

setting. It has also been collected as a garden "weed"
from Sonoma and San Diego Cos. but these cannot be

distinguished as "weedy" or "cultivated" instances.

True V. bonariensis also occurs in the eastern U.S. It is

separated from V. incompta by its broader corolla limb

(+/— 4-5 mm vs. +/— 1 mm), with flowers which

overtop the apex of the inflorescence spike, inflores-

cence parts clearly with stalked glands, stamens not

inserted above the middle of the tube, and slightly

longer nutlets.

Violaceae

Viola conspersa Reichenb.: DIST: CCo: CS: N: DOC:
Monterey Co.: Cultivated plants in Pacific Grove,

reseeding prolifically; originally collected from a

driveway crack along 17 Mile Drive, Del Monte Forest,

Pebble Beach, Sept. 15, 2003, V. Yadon s.n. (CDA), det.

by G. F. Hrusa, M. Kerr (CDA), 2003: NOTES: Plants

sold in local nurseries as Viola labradorica are indistin- i

guishable from this, which may be a multi-species hybrid

involving V. labradorica, V. conspersa and V. waltheri;

however, the morphological evidence is equivocal and
the plants fit within the range of V. conspersa.
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Angiosperms-Monocots

Arecaceae [Palmae]

Washingtonia robmta H. Wendl.: DIST: SCo: CS:

NW: DOC: Los Angeles Co.: Malibu Bluffs State Park,

Marie Cyn., many individuals, to 15 ft tall, June 19,

2004, M. O'Brien MOB8-04 (CDA): NOTES: Numer-
ous specimens have been collected of this species

indicating that it is also naturalized in Orange,

Riverside, San Diego, and Ventura Counties (Consor-

tium of California Herbaria 2007; Roberts et al. 2004).

It is a common escape along rivers and drains and is

common along the Santa Ana River at Riverside.

Bromeliaceae

Billbevgia nutans H. Wendl.: DIST: CCo: CS: C:

DOC: Monterey Co.: Persisting at roadside dump along

Ronda Rd. 200 yds W of jet. with Sunridge Rd., Del

Monte Forest, Pebble Beach, Oct. 9, 2003, V. Yadon s.n.

(CDA).

Commelinaceae

Callisia repens (Jacq.) L.: DIST: SCo: CS: GH/C:
DOC: Riverside Co.: Riverside, yard of house at 422

Campus View Dr., irrigated garden, spontaneous,

invading from neighboring yard, 33^58'45"N,
117°19'W, elev. 341 m/1120ft, Nov. 20, 2001, A. C.

Sanders 24886 (CDA, RSA, UCR); San Bernardino

Valley region between Pedley and Mira Loma, Sims prop-

erty at NE comer of Limonite Ave. and Bain St., weedy
disturbed area beside a dirt vehicle path, 33'58'30"N,

117"30'15"W, elev. 210 m/690 ft, Nov. 28, 2001, A. C.

Sanders 24889 (CDA, RSA, UCR): NOTES: Also seen

elsewhere spreading away from cultivated sites, but

apparently always in irrigated areas. This may be new to

the area, as it has only been seen in the last few years.

Cyperaceae

Carex pendula Huds.: DIST: ScV: CS: NW: DOC:
Butte Co.: Janeway, L. (2005, pg. 125): NOTES: Orig-

inally reported as Carex spissa (Janeway 1992, pg. 58).

Cyperus gracilis R. Br.: DIST: SCo: CS: NCI: DOC:
Los Angeles Co.: Santa Monica, weed in the alley

behind the house at 460 23rd St., Aug. 15, 1983, T.

Yutani s.n. (CDA, UCR); Loc. cit., Aug. 8, 1983, T.

Yutani s.n. (RSA): NOTES: Det. by G. Tucker (EIU).

Cyperus regiomontanus Britt.: DIST: SCo: CS: GH/
C: DOC: Los Angeles Co.: Pasadena, M. R. Alexander
residence, weed in garden, apparently annual, Nov. 5,

1991, O.F. Clarke s.n. (UCR): NOTES: Det. by G.
Tucker (EIU), but with a question mark. The material

seems reasonably mature, but the plant base is poorly

represented and the "apparently annual" comment may
have created uncertainty.

Cyperus retrorsus Chapm.: DIST: SCo: CS: GH/C:
DOC: Riverside Co.: Riverside, UCR campus Botanic
Garden, naturalized along the trail in the chaparral
section just west of (below) the lath house, Sept. 13,

1994, S. Morgan s.n. (UCR): NOTES: Det. by G.
Tucker (EIU). First seen about 1990 as a weed in a pot
in the lath house; allowed to grow to see whether it

proved to be of interest. It is now escaped and well-

established outside.

Eleocharis lanceolata Fernald: DIST: ScV: CS: NCI:
DOC: Butte Co.: Weedy rice field, ca. 5 mi. W of
Richvale, July 29, 1949, M. Nobs & S. G Smith 1084
(UC): NOTES: UC specimen annotated by S. G. Smith,
2000, as "Undoubtedly introduced, only California
record!"

Iridaceae

Sisyrinchium pruinosum Bickn.: DIST: s SnJV, SCo:
CS: GH/C: DOC: Kern Co.: Weed in turfgrass

operation, Bakersfield, July 20, 1998, T. Prather s.n.

(CDA); Los Angeles Co.: Locally common lawn weed,

Montebello Hills in Montebello, 34 Or36"N,
1 18 06'34"W, elev. 122 m. May 17, 2001, A. C. Sanders

24313 (CDA, UCR).

Juncaceae

Juncus gerardii Loisel.: DIST: deltaic GV, SnFrB:
CS: NW: DOC: Contra Costa Co.: Martinez Regional

Shoreline, brackish marsh along Pickleweed Trail west

of Arch Bridge, 38 1.324'N, 122 8.575'W, May 31,

2003, Ertter & Matsou 18175 (UC); Solano Co.: Benecia

State Recreation Area, Southampton Marsh, growing in

tidal salt marsh, June 25, 2002, B. Grewell s.n. (DAV);
Loc. cit. June 20, 2004, B. Gren e/l s.n. (CDA, DAV).

Juncus usitatis L.A.S. Johnson: DIST: GV, CaRF:
CS: NW: DOC: Butte Co.: About 2 mi W of Oroville

Dam, near Longs Bar Monument, on N side of

Thermalito Diversion Pool, Lake Oroville Recreation

Area, July 23, 1992, L. Ahart 6828 (UC). Merced Co.:

Merced National Wildlife Refuge, Merced Unit, West
Farm Field, irrigated pasture, Aug. 10, 2004, S. Winter

1286 (JEPS); Stanislaus Co. (E corner): Tuolumne River

NW of junction Hwy 132 and La Grange Road (J59),

July 24, 2003, B. Ertter 18259a & 18261 (UC); Tehama
Co.: Wild Cat Road between Manton Road and Battle

Creek, ca 20-22 airmiles NE of Red Bluff, shallowly

sloping seepage area on lava, 40'24.986'N,
121 58.785'W, elev. 1070 ft, July 20, 2003, B. Ertter

18254 (UC); Yuba Co.: Damp red soil, edge of a small

pond, about 100 yds. N of Long Ravine Rd, —300 yds

SE of the intersection of Camp Far West Rd and Long
Ravine Rd, north of Camp Far West Res., uncommon,
elev. 398 ft, 39^05' 19.9"N, 121 M7'33.3"W, Oct. 8, 2002,

L. Ahart 9947 (UC). Det. by P. Zika (OSU). Originally

determined as J. effusus var. exiguiis: NOTES: This

rapidly spreading Australian species is easily confused

with J. effusus s.l., but easily distinguished by the blunt

tepals that are notably shorter than the hardened

globose capsule. The determination of Ahart 9947 was
confirmed by K. Wilson of NSW (personal communi-
cation to B. Ertter, 2005).

Liliaceae {sensu lato)

Allium ampeloprasum L.: DIST: ScV, SnFrB: CS:
NCI: DOC: Marin Co.: Tiburon Peninsula, shoulder of

road below Old St. Hilary's Chapel, July 8, 1961, J.

Pemdosa 1951 (DAV); Sacramento Co.: Escaped from
cultivation along roadside. El Centro and San Juan

Rds, T09N, R04E, Sec. 21, MD, June 5, 1974, J.

Yamaguchi s.n. (CDA). Det. By G. D. Barbe (CDA):
Reported also for Orange Co. (Consortium of Califor-

nia Herbaria 2007).

Aloe striatula Haw.: DIST: SnFrB: CS: NW: DOC:
Alameda Co.: Claremont Canyon Regional Preserve,

annual grasslands along trail heading uphill from upper

intersection of Panoramic Way and Dwight Way to

Panoramic Place, localized but well-established colony

stretching along trail, just coming into bloom, bush-

sized, much branched, with succulent deep green leaves,

nowers tubular, yellowish with green tinge, orangish at

base. May 20, 2007, B. Ertter 19027 (UC).

Asparagus densiflorus (Kunth) Jessop: DIST: CCo:
CS: NW: DOC: Monterey Co.: Plants growing in leaf

litter under Pinus radiata and Quercus agrif)h'a on
undeveloped ridge. . .Pebble Beach, Aug. 8, 2004, V.
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Yadon s.n. (CDA, PGM): NOTES: Well-established at

Monterey Co. site acc. to V. Yadon, but site slated for

development. Reported also from Orange and San
Diego Cos. (Consortium of California Herbaria 2007).

Asparagus setaceous (Kunth) Jessop: DIST: SCo: CS:
NCI: DOC: Ventura Co.: Spontaneous by seed or root-

propagating on waste ground (site of former garden),

Junipero St. betw. Santa Clara and Main Sts., Ventura,

July 15, 1966, H.M. Pollard s.n. (CAS, CDA, SBBG).
Det. by G. D. Barbe (CDA); originally determined as

A. plumosus Baker.

Bulbine semiharbata (R. Br.) Haw.: DIST: CCo: CS:
N: DOC: Monterey Co.: Roadside near Carmel
Highlands, April 11, 1990, V. Yadon H-3864 (PGM):
NOTES: Identified as B. semibarbata only on the basis

that it has 3 bearded and three glabrous stamens. Also

reported from San Luis Obispo Co. (Cambria, V.

Yadon personal communication to Hrusa).

Cordyline australis (G. Forst.) Endl.: DIST: NCo,
SnFrB: CS: NW: DOC: Alameda Co.: Berkeley yard,

1303 Albina Ave., volunteer (doubtless from plants in

neighborhood), 6+ m tall, flowered 2 seasons without

watering or other special care, old leaves persisting 2+
years, May 22, 2004, J. L. Strodier 1366 (UC/JEPS);
Humboldt Co.: One tree on Cooper Slough S of Myrtle

Ave. at edge of brackish marsh. Eureka, May 4, 2004, G.

Leppig 2153 (CDA, HSC); Sporadic trees 3^ m tall,

along RR tracks at 2nd & Commercial Ave., Eureka,

June 8, 2004, G. Leppig 2165 (CDA, HSC): NOTES: A
Cordyline, fully-naturalized and spreading in the vicinity

of Plantation (coastal Sonoma Co.), appears to be this

species but reproductive material for confirmation not

yet at hand. Reported also from Monterey and San
Diego Cos. (Consortium of California Herbaria 2007).

Hyacinthoides hispanica (Mill.) Rothm.: DIST:
SnFrB: CS: C: DOC: Alameda Co.: Waif in forested

part of Albany Hill at end of Madison Street, NW
Albany, Feb. 11, 1995, B. Enter 13930 (UC): NOTES:
Cultivated under several generic assignments such as

Scilla hispanica and Endymion hispanica: NOTES:
Reported also from Humboldt Co. (as Scilla hispanica)

(Consortium of CaHfornia Herbaria 2007).

Narcissus papyraceus Ker Gawl.: DIST: SCo: CS:
GH/C: DOC: Los Angeles Co.: Boyd, S. (1999, pg. 133):

NOTES: Listed also for San Diego Co. (Beauchamp
1986) but naturalization there uncertain. Often persis-

tent from ornamental plantings.

Muscari armeniacum Leicht. ex Baker: DIST: NCo:
CS: NCI: DOC: Humboldt Co.: Samoa Cookhouse, 3

mi NW of Eureka, moist weedy field, escaped orna-

mental, March 28, 1976, /. M. DiTomaso 344 (DAV).

Poaceae
Brachypodium sylvaticum (Huds.) Beauv.: DIST:

CCo: CS: NW: DOC: San Mateo Co.: Dark shady
area under redwoods at 4506 Oak Knoll Dr., Emerald
Hills, Nov. 10, 2003, K. Melo 1387519 (CDA); Large
colony beneath deep shade of coast redwoods, Hwy 84

at Grandview Terrace and Schilling Lake, Martin Creek
drainage, Dec. 1, 2003, K. Melo FDR 1387956 (CDA,
UC, UCR, UT); Along Hwy. 84 at Grandview Dr. and
into adjacent redwood forest, T06S, R04W, Sec. 12,

MD, Dec. 12, 2003, / Beall PDR 1387963 (CDA):
NOTES: Additional records from San Mateo Co. are

available at the Consortium of California Herbaria

(2007). A rapidly spreading weed in central Oregon
forests. These are the first records for California. The
distribution in California is centered on the site of the

old Schilling estate, but has spread widely in the local
j

area, esp. in the Martin Creek drainage. '

Danthonia decumbens (L.) DC: DIST: NCo: CS:
\

NW: DOC: Del Norte Co.: NW of Crescent City i

McNamara Airport near pond in grassy opening, July
j

28, 2000, C. Golec s.n. (HSC); Crescent City, Crescent
|

City Marsh Wildlife Area, common in Sitka spruce
j

forest and coastal scrub on edge of marsh, UTM Zone
|

10, 403364E, 462176N, June 24, 2003, G. Leppig and T.
|

Labanca 1988 (CDA, HSC); Humboldt Co.: Big Lagoon
|

County Park, Big Lagoon Bog, rare in peatland, UTM
|

Zone 10, 40532 IE 4557202N, elev. 3 m, Sept. 28, 2003, ^

G. Leppig 2057 (HSC): NOTES: Also known as

Sieglingia decumbens (L.) Bernh. Recorded erroneously

in California by Matthews (1997). See Hrusa et al.
'

(2002, pg. 64) for discussion.

Dinebra retroflexa (Vahl) Panz var. retroflexa: DIST:
SCo: CS: NW: DOC: Orange Co.: Yorba Linda, Yorba
Regional Park, Santa Ana River bank near intersection

of E. La Palma Ave. and Fairmont Blvd., edge of rip-

rap at margin of river channel, wet mud with many '

herbs, including Leptochloa uninervia, Ludwigia pe-

ploides, Eleusine, Eclipta prostrata, Bidens laevis, etc.,
^

33°51'52"N, 117°46'26"W, elev. 91 m, 23 Aug. 2004, O.

F.Clarke s,n, (UCR). Det. by T. Columbus, 2004.

Riverside Co.: Reifner et al. (2003, pg. 312): NOTES:
;

This species is occasionally encountered by the Cali- !

fornia Department of Food and Agriculture Seed
]

Laboratory in flower-seed lots imported from Africa

(J. Effenberger personal communication to Hrusa), and
it is more established than the few cited records indicate

(A. Sanders pers. obs.).

Eragrostis tenella (L.) Roem. & Schultes: DIST: SCo:
CS: GH/C: DOC: Santa Barbara Co.: Weed growing in

coconut fiber used for root support in hydroponic
roses, glasshouse in Santa Barbara, seedling grown to

maturity in greenhouse, Sacramento, June 3, 1998, T.

Watson s.n. (CDA): NOTES: Determination somewhat
tentative; authentic material not yet compared.

Glyceria declinata Bresbiss.: DIST: CaR, GV, SNF,
NcoR, SCo: CS: NW: DOC: Amador Co.: Colony in

now-dry vernal pool, app. 3 mi. E of Sacramento Co.

line on Michigan Bar Rd., May 5, 2004, G. F. Hrusa
16267 (CDA); Sutter-Ione Rd. 0.6 mi. E of Hwy 124

and +/— 3/4 mi. N of lone, disturbed, moist drainage

below artificial pond, 38°23'03"N, 120^54'04"W, June 7,

2001, G. F. Hrusa 15868 (CDA); Butte Co.: Dry
disturbed clay soil, slickens from the Cherokee Mine,

on the E side of Clark Rd. (Hwy 191) about 200 yds S

of Dry Creek, May 21, 2000, L. Aliart 8377 (CDA,
CHSC); Red Hill Ranch, Nugent Rd. Gridley, growing

in rice stubble in field, 39°22'38"N, 121°44'32"W, April

17, 2006, M. Stewart PDR 1290445 (CDA); Calaveras :

Co.: Wet creekbed of tributary of Black Creek, +/—

3 mi. S of Copperopolis, dry bottom of pool formed by

small dam, 37"56'18"N, 120°36'56"W, June 12, 2000, G
F. Hrusa 15478 (CDA); Fresno Co.: 2 mi. E of Hildreth

Rd., Kennedy Table Mountain top, April 17, 2001, C
Witham and J. Buck 80 (DAV); Humboldt Co.: Areata,

roadside ditch on Community Center Drive, T05N,
ROIE, Sec. 33, H, May 5, 1996, G. Leppig 329 (HSC);

Heavy in ditches. Areata Bottom area, July 16, 1968, E.

C. Whitney s.n. (CDA); Nevada Co.: Wet soil in bottom
of drying swale, E side of meadow on S side of

McCourtney Rd. about 300 yds E of inters, of

McCourtney Rd.and White Oak Dr., May 28, 2002,

L. Ahart 9673 (CDA, CHSC); Mendocino Co.: Union
Lumbert Co. Fort Bragg. May 3, 1928, C. S. Myaska
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s.n. (CDA); Marin Co.: Marshall Beach Rd. ca. 1 mi

NW of Tomales Bay State Park. Shallow water, margin

of small pond. March 31, 1979, G.H. True 8470 (CAS,

CDA); Riverside Co: Morongo Indian Reservation, SE
edge of Burro Flats in vicinity of natural pond and bog,

33°59'32"N, 116 50'41"W, elev. 1098-1159 m, April 24,

1996, A. C. Sanders 18088 (UCR); Morongo Indian

Reservation, seep in Wood Canyon, 33 59'50"N

1
16^^49 '48"W, elev. 1220 m, April 23, 1998, T. B.

Salvato MOR- 905 (UCR); Sacramento Co.: Vallensin

Ranch, wet bottom of deep clayey pool at corner of

Dillard Rd. & Ranch Rd. 38 22'N; 121 18'W, April 13,

1996, G. F. Hrusa 12796 (CDA); Lawn in Rancho
Cordova. March 17, 2003, J. Davidek FDR 1278116

(CDA); South Sacramento, vernal pool of S side of

Calvine Rd, ~ 1/4 mi. E of Strawberry Creek crossing,

large colony in formerly wet part of pool. May 1 1, 1993,

G. F. Hrusa 10935 (CDA); Vernal pools and intervening

grasslands immediately E of Jaeger Rd. and +/— 1 mi. E
of Sunrise Blvd., 38 32'47"N, 121' 13'39"W, April 25,

2002, G.F. Hrusa 16012 (CDA); Open grasslands

immediately N of Meiss Rd. ca 3 mi SE of Dillard

Rd., wet drainage on E side of stock pond, 38°28'N,

121°43'W, April 10, 1994, G. F. Hrusa 11764 (CDA);
disturbed, leveled, former vernal pool field to W of

Plant Pest Diagnostics Center at 3294 Meadowview
Rd., Sacramento, March 31, 1999, G. F. Hrusa 14932

(CDA); Large colony, prostrate or decumbent, ephem-
erally wet old roadbed at corner of Sunrise Blvd. and
Keifer Rd., site still with ponded water, elev. 50 ft. May
20, 2005, G. F. Hrusa 16459 (CDA); 3 mi NW of Gait,

in Ladino Clover seed field. April 28, 1975, Walker s.n.

(DAV); San Joaquin Co.: Replacing clover in a pasture.

Flood Rd., Linden, T02N, ROSE, Sec. 19, MD, Sept.

16, 1974, J. B. Gianelli s.n. (CDA); Shasta Co.: Munz
and Keck (1968, pg. 1481); Sonoma Co.: In lawn. May
21, 1982, C. Elmore s.n. (DAV); Abundant in low areas

of pasture, Santa Rosa district, April 3, 1968, H. F.

McCracken s.n. (CDA); Weed in pasture. Mill Station

Rd., Sebastopol, May 22, 1969, Ag. Commissioner s.n.

(CDA); Stanislaus Co.: Bed of a vernal pool along the

RR 2 mi S of Oakdale on the Waterford Road, May 1 1,

1953, B. Crampton 1247 (DAV); Sutter Co.: Growing in

fallow rice field, clay soil, March 24, 2004, M. Stelmok
FDR 1411715 (CDA); Calpine electrical generation

facility. Disturbed field to W of E Township Rd.
39°05'N, 121 43'W, April 15, 1997, G. F. Hrusa 13681
(CDA); Tehama Co.: Springy area on N side of Mill Ck.
1.9 km ENE of Black Rock and Ponderosa Way, April

21, 2000, L. P. Janeway 6669 (CDA, CHSC); Seep on N
side of Mill Ck. 3.4 mi. W of Black Rock Campground
and Ponderosa Way, July 9, 2004, L. Ahart 11183
(CDA, CHSC); Vestal Rd., 4.9 mi. W of jet. with

Cannon, Pettyjohn, and Reeds Ck. Rds., W of Red
Bluff and S of Hwy 36, T27N, R06W, Sec. 7, MD, April

27, 1998, V. Oswald & L. Ahart 8978 (CDA, CHSC);
Yolo Co.: grown from seed collected May 1 1, 1953 in

vernal pool bed 2 mi. S of Oakdale, April 15, 1954, B.

Crampton 2243 (AHUC); Yuba Co.: Weed in rice field

previously a pasture, found prior to planting, March,
1984, J.F. Williams s.n. (CDA, DAV); Damp soil in a

rice field, San Shintaffer Farm, S of Woodruff Lane,
Sept. 17, 1999, L. Ahart 8248 (CDA, CHSC): NOTES:
Included in Munz and Keck (1968) in which it was
distinguished from G. occidentalis based on narrower
leaf width and shorter stature. In the treatment in Flora
North America (Barkworth and Anderton 2007), a key
characteristic is the obvious protrusion of the palea

beyond the lemma in at least some florets. Most deter-

minations above by M. Barkworth (UTC). Reported
also from Lake, Mariposa, Monterey and Nevada Cos.

(Consortium of California Herbaria 2007). Additional

records for many of these and the above documented
counties are also available in the Consortium database.

Paspaliim notatum Flugge var. saurae Parodi: DIST:
DSon, SCo, SnFrB, ScV: CS: NCI: DOC: Alameda Co.:

Pleasanton, USDA-SCS Plant Materials Center, lawn
weed by headquarters building, Sept. 29, 1965, B.

Crampton 7520 (AHUC); Riverside Co.: Mira Loma,
lawn weed at 317 Swan Lake Mobile Home Park, Sept.

19, 1976, C. Tilforth 1224 (DAV, RSA); Blythe, Aug. 1,

1972, L. Ede s.n. (AHUC); Sacramento Co.: Turfgrass,

3501 Mignon St. Sacramento, Sept. 5, 1969, T. C Fuller

18882 (CDA, DAV, UCR); Ventura Co.: Large patch in

lawn on W side of Loma Dr. nr. Cruzero St., Ojai

Valley, Oct. 12, 1963, H. M. Pollard s.n. (CAS, CDA,
DAV): NOTES: Although listed in The Jepson Manual
as Paspalum notatum {sine var.), the description is of

var. notatum as defined by Zuloaga et al. (2004, pg. 46-

47). Paspalum notatum var. saurae is comprised of those

forms with narrower blades (0.2-0.4 cm vs. 0.4-1 cm)
and shorter, narrower spikelets (2.8-3.2 mm vs. 3.2

4.0 mm). While the two specimens cited are from
cultivated situations, the relative naturalized distribu-

tion of these two forms in California is not known, and
thus var. saurae could be expected anywhere var.

notatum has been reported.

Rytidosperma caespitosum (Gaudich.) Connor &
Edgar: DIST: SCo, SnFrB: CS: NW: DOC: Alameda
Co.: NW edge of Strawberry Canyon on E edge of main
UC-Berkeley campus, eucalyptus woodland, with R.

richardsonii, (see below). June 26, 2003, B. Ertter

18231a (UC); San Diego Co.: Near Fairbanks Ranch,
ridge south of Lusardi Creek, ca. 0.2 km N of San
Dieguito Rd and 1.3 km NE of Fairbanks Lake, elev.

83 m, March 29, 2005, F. M. Roberts 6136 (UCR); San
Mateo Co.: Cascade Ranch State Park, betw. White-

horse Ck. and Cascade Ck., Aug. 4, 1992, G. Clifton s.n.

(UC): NOTES: Dets. by H. E. Connor, 2004. Addi-

tional records from San Diego Co. are available at the

Consortium of California Herbaria (2007).

Rytidosperma penicillaUim (Labill.) Connor & Edgar:

DIST: KR, NCo, SCo, SnFrB: CS: NW: DOC:
Alameda Co.: Berkeley, lawn of Cragmont Park, "an
aggressive weed, hard to control, particularly where
lawn is watered little," Aug. 15, 1941, G. L. Stehbins

3202 (AHUC). Acc.to B. Ertter, not found in Cragmont
Park in 2005.; Berkeley, Cragmont Park, from lawn,

where growing as weed, June 1950, G L. Stebbins 020
(UC). Prev. det. by Vickery as Danthonia racemosa,

1951.; North Berkeley, residential area, July 19, 2000, B.

Ertter 17419 p.p. (mixed coll. with P. racemosum) (UC);

Humboldt Co.: Loleta (coast), Aug. 6, 1938, B.A.

Madson s.n. (AHUC); Bayside Golf Links, "probably

introduced in grass seed mixture," June 1941, Mrs. Wm.
Grotzman s.n. (UC); Sheep pasture near "Hungry
Hollow", Bald Mountain, locally abundant "as if a

recent introduction," Aug 17, 1941. /. P. Tracv 16994

(AHUC, UC); Loc. cit. June 28, 1942, J. P. Tracy 17267

(UC); Loc. cit. Aug. 11, 1949, J. P. Tracy 18451 (UC);

Parrott's Ranch, Table Bluff, ca 1.5 mi N of Loleta, Jun
1947, A. H. Murphv s.n. (AHUC); near Loleta, Jul

1947, R. Tofsrud 200 (AHUC); Bear River, 3 mi E of

Capetown, July 19, 1956, R. Evans s.n. (AHUC);
Mendocino Co.: Point Arena, July 15, 1941, D. Jensen

s.n. (DAV); Point Arena, Aug. 1949, W. H. Brooks 111
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(AHUC); Hwy 1 1/2 mi N of Albion, July 26, 1955. B.

Crampton 3041 (AHUC); Mendocino. July 27, 1955, B.

Crampton 3128 (AHUC); Hwy 1, 4.5 mi S of Mendo-
cino, June 29, 1966, B. Crampton 7792 (AHUC);
Sinkyone Wilderness State Park, 1/8 mi SE of Jones

Beach, July 7, 1989, F. Bowcutt 1366 (DAV); Santa
Barbara Co.: Santa Barbara, upper Hillside Park, lawn
grass. May 13, 1947, C F. Smith 2209 (DAV); Loc. cit.

July 22, 1949, C. F. Smith 2406 (DAV); Santa Clara

Co.: Palo Alto, parking area on University Ave. at

Chaucer St., June 29, 1960, /. T. Howell 35482 (AHUC,
CDA); Siskiyou Co.: Yreka. Aug. 15, 1940, H. B.

Shont: s.n. (AHUC). Sonoma Co.: Hwy 1, 2 mi N of

Stewarts Point, July 22, 1957, B. Crampton 4358
(AHUC, UC); Hwy 1, 11.7 mi S of Stewarts Point,

July 22, 1957, B. Crampton 4392 (AHUC); Sea Ranch,
near Hwy 1, June 24, 1974, M. M. Hektner et al. 068
(DAV); Annapolis Rd nr landing strip at Sea Ranch,
Nov. 30, 1980, R. D. Stone 332 (JEPS); Bodega Bay,

behind community center on W side Hwy 1, July 19,

2003, B. Ertter 18246 (CDA, DAV, UC): NOTES:
Dets. by H. E. Connor and S. J. Darbyshire, 2004. Acc.

to these authorities, plants reported for California as

Danthonia pilosa R. Br. { = Rytidosperma pilosum (R.

Br.) Connor & Edgar) are actually this species (see

Darbyshire and Connor 2003).

Rytidosperma racemosum (R. Br.) Connor & Edgar:

DIST: KR, NCo, SCo, SnFrB: CS: N: DOC: Alameda
Co.: Berkeley at corner of Hearst and Oxford, May
1951, A. Haig s.n. (AHUC, DAV); Campus of UC-
Berkeley, under Eucalyptus trees north of Life Sciences

Bldg., Sept. 11, 1952, R. W. Pohl 7201 (UC); Hearst

Ave. sidewalk, Oxford Tract, UC Campus, Berkeley,

Aug. 25, 1953, B. Crampton 1609 (AHUC); West side

Albany Hill, eucalyptus forest, June 13, 1998, B. Ertter

16207 (UC); North Berkeley, residential area, July 19,

2000, B. Ertter 17419 p.p. [mixed coll. with P.

penicillatum] (UC); Multiple collections from North
Berkeley residential area, June 19-20, 2003, B. Ertter

18216-18223 (UC); Albany, San Gabriel Ave., S of

Brighton Ave., June 21, 2003, B. Ertter 18224 (CDA,
DAV, UC); Marin Co.: Angel Island, perimeter road

just north ofWest Garrison, locally common weed, June

26, 1978, G. H. True 8468 (AHUC); Yolo Co.: Davis,

June 11, 1951, B. Madson s.n. (AHUC): NOTES: Dets.

by S. J. Darbyshire and H. E. Connor, 2004. Additional

records from Alameda Co. are available at the

Consortium of California Herbaria (2007).

Rytidosperma richardsonii (Cashmore) Connor &
Edgar: DIST: SnFrB: CS: N: DOC: Alameda Co.:

NW edge of Strawberry Canyon on E edge of main UC-
Berkeley campus, eucalyptus woodland, June 26, 2003,

B. Ertter 18231 (CDA, DAV, UC) [with R. caespito-

sum]: NOTES: Det. by S. J. Darbyshire, 2004.

Additional records from Alameda Co. are available at

the Consortium of California Herbaria (2007).

Sporoholus creher De Nardi: DIST: ScV: CS: N:
DOC: Glenn Co.: Ranch 4 mi S of Willows and 5 mi E
on County Rd. 60, just N of Sacramento Valley Wildlife

Refuge, elev. ca. 100 ft Cattle pasture, present for

several years, Sept. 20, 1995, R. Holzapfel I (CDA, UC,
UCR). Det. by C. G. Reeder (ARIZ), Jan. 2006:

NOTES: Reported also from Butte Co. (Consortium of

California Herbaria 2007). Similar to and easily

confused with Sporobolus indiciis (L.) R. Br., a species

common in the same region of the Sacramento Valley.

Stipa papposa Nees: DIST: SnFrB: CS: C: DOC:
Alameda Co.: City of Berkeley, Ashby Ave., across

street from Alta Bates Hospital, Nov. 9, 1983, Blumler
s.n. (UC): NOTES: Determined by M. Barkworth,
Sept. 1983 from plant in same population. Escape from
cultivation. Synonyms include Achnatherum papposum
(Nees) Barkworth; Jarava plumosa (Spreng.) S. W. L.

Jacobs & J. Everett; Stipa ichu Kunth.
Zea mays L.: DIST: NCo, SCo: CS: C: DOC:

Humboldt Co.: Fay Slough Wildlife Area, two vagrant

plants on edge of vernal ponds managed for waterfowl,

UTM Zone 10, 407378E, 4517441N, Oct. 17, 2003, G.

Leppig 2078 (HSC); Riverside Co: Lake Skinner Reserve

area. Diamond Valley, canyon along Rawson Road
going into hills toward Crown Valley, a solitary plant c.

1 m tall along wash on canyon bottom - doubtless a

waif, 33.666 N, 117.008°W, Nov. 20, 1997, A. C
Sanders 21609 (UCR).

Pontederiaceae

Pontederia cordata L.: DIST: CCo, SCo: CS: N:
DOC: Alameda Co.: Ohlone College, edge of stagnant

pond, Oct. 11, 2001, K. Peek PDR P199016 (CDA);
Loc. cit. Nov. 5, 2001, K. Peek PDR PI47746 (CDA);
Fremont, Stivers Lagoon, S of Lake Elizabeth, under
gazebo, Sept. 1, 2003, L. Ellis s.n. (JEPS); Monterey
Co.: (Apparently clonal) colony in SaHnas River bed, at

Davis Rd. crossing, Oct. 21, 2004, V. Yadon s.n. (CDA,
PGM); Riverside Co.: Margin of 3 acre pond, Thun-
derbird Country Club Golf Course, Rancho Mirage,

June 23, 1988, C Putsch s.n. (CDA); San Joaquin Co:

San Joaquin Delta, 14 Mile Slough, outside of Stock-

ton, E of 1-5, July 1, 2005, F. Zarate PDR 1349506
(CDA): NOTES: This species is known to occur in San
Diego Co. but no vouchers have been collected yet (A.

Sanders, pers. obs.). Some naturalized locations may be

derived from intentional plantings; Monterey Co. site is

a frequently used dump for garden waste.

Zingiberaceae

Hedychium flavescens N. Carey ex Roscoe: DIST:
CCo: CS: TEN: DOC: Santa Cruz Co.: Gully tributary

to Aptos Creek, Nisene Marks State Park boundary,

below (west) of Redwood Drive, plants in the colony

are spreading along creek by vegetative fragmentation,

no flowers have been produced during 5 yrs of

observation, Aug. 30, 1997, D. W. Taylor 16194 (JEPS,

UC): NOTES: Reported also from Monterey Co.

(Consortium of California Herbaria 2007).

Zosteraceae

Zostera asiatica Mild: DIST: NCo: CS: NW: DOC:
Sonoma, Los Angeles, Marin, Monterey, San Francisco,

San Luis Obispo, San Mateo, Santa Barbara, Santa

Cruz, Ventura Cos.: Phillips and Wyllie-Echeverria

(1990): NOTES: Marine angiosperm.

Zostera japonica Ascher & Graebner: DIST: NCo:
CS: NW: DOC: Humboldt Co.: Humboldt Bay, Indian

Island, SW shore, 40°48'54.7"N, 124°10'68.5"W, +1.2

MLW (mean low water), mid-intertidal zone on sand

and mud, July 8, 2002, G. Leppig 1782, 1783, 1784

(CDA, HSC); Areata Bay, mudflat W of City of Areata

oxidation ponds, upper intertidal zone, 2 m from dike,

NAD 27 UTM Zone 10, 4522557N, 408068E, Nov. 17,

2006, G. Leppig & D. Couch 2396 (HSC, UC/JEPS):
NOTES: Established in bays and estuaries in Oregon,

Washington, and British Columbia; ongoing eradica-

tion efforts in Humboldt Bay directed by California

Dept. of Fish and Game Marine Division. Population

still present in 2007.
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Abstract

Over the past century in California, the invasive weed Salsola tragus (russianthistle) has become a

widespread and troublesome pest plant. Early attempts at biological control of russianthistle achieved

only partial success. Efforts to improve effectiveness of renewed biocontrol efforts revealed that two
distinct, often sympatric, genetic entities comprise what has been called Salsola tragus: Salsola tragus

and Salsola 'type B\ Efforts to identify and characterize 'type B' resulted in recognition of a third

form, 'type C. We present a taxonomic and morphological examination of Salsola tragus, Salsola

'type B', Salsola 'type C and Salsola paulsenii using discriminant analysis with DNA sequence

genotypes as the taxonomic framework. Salsola tragus and 'type B' were morphologically distinct;

'type C was morphologically intermediate between them and contained DNA sequence genotypes

that were an additive mixture of haplotypes mostly exclusive to tetraploid 5". tragus and others

exclusive to diploid 'type B'. 'Type C is a fertile allohexaploid that originated via hybridization

between S. tragus and 'type B'. We provide a pre-existing name, Salsola australis, for 'type B', and
propose Salsola ryanii sp. nov. for 'type C. Morphological variation, habitats, and dispersal behaviors

among these Salsola taxa were examined in the herbarium and in the field. These are compared and
discussed.

Key Words: Chenopodiaceae, discriminant, PEPC, polyploidy, russianthistle, Salsola, speciation,

tumbleweed.

Open almost any floristic account that includes

CaHfornia, and the non-native plant known by
the common name russianthistle or tumbleweed
is referred to by one of several different scientific

names. In 1996, S. L. Mosyakin showed that

Salsola tragus L. was the correct name to use for

the widespread North American tumbleweed.
Thus, at least the following six names should be
considered synonyms of or misapplications to

Salsola tragus L.: Salsola australis R. Br., S.

iberica (Sennen & Pau) Botsch., S. kali L. subsp.

ruthenica (lljin in Keller et al.) So6 & Jav. in Soo
et Javorka, S. kali L. var. tenuifolia Tausch ex
Moq., S. pestifer A. Nelson {S. 'pestifera'), and S.

ruthenica lljin in Keller et al. Some of these may
be actual synonyms of S. tragus and others

distinct or segregate taxa, but their application to

genuine Salsola tragus is, as presently under-
stood, uncertain or incorrect. And so despite the

considerable variation within and among popu-
lations of S. tragus in North America, all were
previously referenced in whole by any one of the
six names above, or by S. tragus itself Salsola
tragus sensu la to will here be used in reference to

this morphologically variable group of plants. In

North America, S. tragus sensu lato appeared

first in the mid- 19"' century (Ryan and Ayres

2000); in California it arrived around 1890 in the

Mojave Desert near Lancaster in San Bernardino

Co., and had been collected widely by 1911

(Jepson 1914).

In California and Arizona, Salsola tragus sensu

lato is distributed at elevations below about
2500 m where it grows in semi-alkaline, open,

and usually disturbed habitats. In California, it

occurs along the south coast, in the mountain
foothills, the low and high deserts and the Central

Valley; it is also on the Modoc Plateau,

throughout the eastern Sierra Nevada valleys,

and in the Mojave Desert. The largest California

populations occur from the southern Sacramento
Valley south to Tehachapi Pass, with extensive

stands in the northern San Joaquin Valley. There
is considerable among-year variation and large

stands frequently appear in the Mojave Desert

and California South Coast Ranges. Other than

as a casual, it is absent only from the mesic North
Coast Ranges, the high Sierra Nevada and the

Cascade Mountains.

Wherever stands occur, tumbling plant 'skele-

tons' in the late fall and winter pile against

intercepting fences, fill drains and ditches and are
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a moving hazard on roads. Biological control

efforts in the 1960's resulted in the introduction

of two Coleophorid moths {Coleophora kli-

meschiella Toll and Coleophora parthenica Meyr-
ick), but these failed to significantly reduce plant

abundance (Goeden and Pemberton 1995). Dur-
ing a second biocontrol research effort in the late

1990's, field observations suggested that rus-

sianthistle populations expressed differential sus-

ceptibility to herbivory or infection. Bruckart et

al. (2004) found differential establishment of the

fungi CoUetotrichum gloeosporioides (Penz.) Penz.

and Uromyces salsolae Reich, among local

populations of russianthistle and similar differ-

ential establishment of insect biocontrol agents

was documented by Sobhian et. al. (2003).

With these biocontrol inconsistencies in mind,
Ryan and Ayres (2000) examined allozyme
variation within California russianthistle and
found that two distinct genetic forms were
sometimes present within populations that were
otherwise thought to be monotypic. Although
both forms had the outward appearance of the

common tumbleweed, experienced observers

found they were more or less visually distinguish-

able. Moreover, a chromosome count showed
that one was diploid (2/7 = 18), the other

tetraploid {In = 36) (Ryan and Ayres 2000).

Subsequently, a qualitative assessment by the

first author revealed that the tetraploid formed
rounded, ascending-branched tumbleweeds with

a dense spicate inflorescence and wingless mature
tepals at the lower nodes. The diploid in contrast,

had a more upright habit, was more horizontally

branched, had less condensed inflorescences, and
mature fruits with winged tepals at both the

upper and lower nodes. At the time, it was not

known which type, if either, was nomenclaturally

typical Salsola tragus, and the tetraploid was
arbitrarily referred to as 'type A', the diploid as

'type B' (Ryan and Ayres 2000). Mosyakin
concluded, based on his familiarity with the S.

tragus lectotype, that the tetraploid 'type A' was
the typical form (S. L. Mosyakin, Kholodny
Insitute of Botany, Kiev, Ukraine, personal

communication), and several years later, Gaskin
et al. (2006) confirmed that application using

molecular markers.

The indigenous range of 'type A' {Salsola

tragus sensu stricto) was therefore known (Mo-
syakin 1996; Rilke 1999). However, plants

referable to 'type B' were not described by
Mosyakin (1996, 2003), and Rilke (1999) dis-

cussed them only as a minor variant of S. tragus,

adventive in southern Africa and possibly Aus-
tralia. In contrast, a cluster analysis of RAPDs
data for Salsola tragus sensu lato, grouped 'type

B' not with 'type A', but with Salsola paulsenii

Litv. (Ryan and Ayres 2000).

During Ryan and Ayres' examination of
Salsola tragus, a third allozyme profile in

California Salsola was recognized (F. Ryan
USDA Agricultural Research Service, Fresno,

CA personal communication). The tested mate-
rial, from near Coalinga in Fresno County, was
given the working title 'type C.

Gaskin et al. (2006) identified a series of
nuclear DNA sequence haplotypes that distin-

guished Salsola 'type A' and 'type B'. Here we
provide a morphologic and taxonomic examina-
tion of Salsola tragus, 'type B', and 'type C based
on the differential presence of those haplotypes,

with a morphologic-only examination of Salsola

paulsenii for context. We discuss these plants'

variation, and provide names for 'type B' and
'type C. We conclude with discussion of their

observed ecological behaviors and comment on
adaptation in 'type C\

Methods

Molecular

Following extraction of DNA by standard

methods (as described in Ryan and Ayers 2000),

amplification of the intron between the fourth

and fifth exon of the phosphoenolpyruvate
carboxylase gene utilized the primer pair ppcx4f
(5'-ACTCCACAGGATGAGATGAG-3') and
ppcx5r (5'-GCAGCCATCATTCTAGCCAA-
3') designed by J. F. Gaskin from the sequences

of other taxa of the Caryophyllales found in

GenBank. Amplification was conducted after a

2 min denaturation at 95°C and consisted of 30

cycles of 95°C (1 min), 5TC (1 min) and 72°C

(2 min); followed by 5 min at 32°C. The two
PCR products (one band approximately 500

bases in length and the other approximately 400
bases in length) were present in all samples. These
bands were separated by electrophoresis on a 2%
agarose gel and the shorter band was excised (the

identity of the longer band is unknown, and its

sequence variation was not useful for this

analysis). DNA was purified with the QIAquick
Gel Extraction Kit (Qiagen Inc., Valencia, CA).
The resultant template was sequenced on a

Beckman CEQ 2000XL (Beckman Coulter Inc.,

Fullerton, CA) using reagents and protocols

supplied by the manufacturer and the same
primers mentioned above. Each heterozygotic

genotype was cloned and sequenced to determine

the haplotypes involved. Clones were created

using the Promega pGEM-T Vector System II

(Promega Corp., Madison, WI), then sequenced

using the protocol above. Sequences were aligned

by hand using SE-Al software (Rambaut 1996)

and are available in GenBank (accession numbers
are in Gaskin et al. 2006). Haplotypes were

arranged manually into a most parsimonious

network (Fig. 1; also see Gaskin et al. 2006,

Fig. 2).
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2/4/5 ------rc-.,^

Fig. 1 . Haplotype network ofDNA sequences of the fourth intron of the PEPC gene region for 86 samples of Salsola

species from the USA, Africa, and Eurasia (see Gaskin et al. 2006). Circles represent haplotypes recovered, and
squares along lineages in between circles indicate haplotypes not recovered. Each link between haplotypes indicates

one mutational event. Angle of bifurcation and length of link between haplotypes have no significance. The loops

that surround portions of the haplotype network indicate taxonomic status of plant collections sampled. Dotted

lines indicate which haplotypes were combined to form 'type C genotypes 1/4, 2/3, and 2/5/4, shown at top of figure.

Nomenclature

Salsola tragus is also polymorphic in its native

Eurasia where it has more than 60 names
associated with it. The taxonomic synopsis by
Rilke (1999) was used to indicate names that

could be applicable to 'type B', and S. L.

Mosyakin suggested others. Many of these

nomenclatural types were examined by Dr.

Mosyakin at the V. L. Komarov Botanical

Institute in St. Petersburg, Russia (LE); he also

provided digital images of specimens whose
winged fruits appeared similar to those of 'type B'.

The types examined at LE were S. centralasia-

tica Iljin, S. aptera Iljin, S. gobicola Iljin, S.

microkali M. Popov, S. kali var. splendens Litv.,

S. pellucida Litv. (a nomen nudum), S. praecox
(Litv.) Iljin, and S. paulsenii Litv. subsp. oreophila

Kinz. An isotype of Salsola australis from the

British Museum (BM) was examined at the

Cahfornia Dept. of Food and Agriculture Her-
barium (CDA). The holotype of Salsola kali L.

subsp. austroafricana Aellen at Botanische
Staatssammlung Miinchen (M) was viewed as a

high-resolution digital image. Dr. Lincoln Smith
and M. I. Wibawa of the USDA Biocontrol
Laboratory in Albany, CA, imaged specimens at

Universite Montpellier, France (MPU) and the

Royal Botanical Gardens, Kew, England (K)
respectively. Descriptions and discussion in var-

ious North American, European, Asian, African
and Australian floras were also consulted.

Morphology: Experimental Materials

and Analysis

Once a search image was established, Salsola
tragus 'type A' and Salsola 'type B' were readily

separable in the field. However, their observed

tendency to grow in slightly different environ-

ments allowed the possibility that plastic respons-

es to environment could influence their appear-

ance. Their reaction to a common environment
was tested in a garden of thirty-two adjacent

plots established in Sacramento, CA. The test

plants were grown from seed that had prove-

nances in the San Joaquin Valley and Mojave
Desert (Appendix I).

Additional Salsola specimens were collected in

the wild specifically for this study and were
combined with existing herbarium specimens at

CDA to both provide variants for comparison
and to supplement the common garden material.

To establish circumscription of the primary {S.

tragus 'type A\ 'type B' and S. paulsenii) group
compositions, 181 specimens were examined and
their morphologic features measured. Of these,

112 were from the common garden, 56 were

collected specifically for this study, and 13 were
from the CDA herbarium. Among these were 26

specimens with known haplotype sequences

(genotypes), comprised of six Salsola tragus,

seven 'type B' and 13 'type C\ These latter were

used to establish the correlation between geno-

type and morphologic group identity. Discrimi-

nant functions separating the "core" three

groups, S. tragus ('type A'), S. australis ('type

B'), and S. paulsenii, were generated for one
dataset; a second set of functions were generated

to separate the above 'core' three, plus a sample

of 'type C individuals with confirmed genotypes.

An additional set of 25 specimens with known
genotypes was used to test the functions' utility.

This group of specimens included 1 1 plants with

Salsola tragus genotypes, eight 'type B' and six
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Fig. 2. Salsola sect. Kali flowers and fruits. TOP: S. tragus: Front view of mature flower with fully developed

tepal wings. A. major tepal wing; B. minor tepal wings; CI, median tepal wing with consistent shape; C2, median
tepal wing with inconsistent shape; D. mature tepals front & top front view. BOTTOM: Salsola 'Type B': E. side

view of flower at anthesis, front tepal removed for display; El, tepal segment; E2, stamens; F. side view of flower in

fruit with front winged tepals removed for display; Fl, tepals in fruit; F2, fully developed tepal wing.

'type C\ Among these was one morphologically

unusual 'type B\ several plants with S. tragus

genotypes that, by inspection alone, appeared to

be 'type C plus a single South African and one
Australian specimen (Table 1; Appendix III).

Collection data for all the specimens examined
are given in Appendices I and III.

Dried plant material was softened in Pohl's

solution for examination and dissection. Data
were taken with an ocular micrometer to the

closest 0.1 mm or 0.05 mm depending upon the

necessary magnification. For discrimination raw
data were converted to a range of 0-1 using

Gower's algorithm (Sneath and Sokal 1973). All

analyses were performed in SAS Systems JMP
5.1.

Morphometric Characters

For each available and quantifiable morphologic

feature, a measurement standard was established, a

subsample measured, and the results compared
among the three base groups, Salsola tragus, 'type

B' and S. paulsenii. Bi-modal or tri-modal

patterns could indicate a discrimination capacity

and raw data were taken for these characters.

At fruit maturation, tepals in Salsola sect. Kali

Dumont develop wings on the abaxial surface.
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Table 1. Specimens used To Test the Discrimination Function s Morphological Classification of
Known Genotypes. All were of known genotype, and were not used to calculate the actual functions. Vouchers

are at CDA unless specified otherwise. Specimens in bold discriminated morphologically outside their genotype (see

Fig. 7). Collection details in Appendix III. CG = "common garden". *Single known polyploid with only Salsola

tragus haplotypes.

PEPC
Genotype Discriminant

Specimen County/ Country Genotype Plant DNA # Assignment Classification

Dorger ui ^rcix i INCVV oOUlll VV ctlC?»,

A 1 I cf t*Q 1

1

/A UJ^LI ctllct

ji J 7652 type ij lypc D

l\/Irti-an 911 ^7iviorun 1/1 6132 iJ. 11 U.^ll> type ^

Alitirtr\-licLi I J 1/2 6134
A Vp»rc T? T 01 <d 1/VKCrS IX 1 -U 1 "H— 1 2/5 4133 (Gaskin et al. 2006) O. lillgUC^

1/4 6117 lypc type «^

CC^ A- 10/4 1/4 6120 lypc 'type C
1/4 6122 type lype »^

1 /41/'+ 6125 'type C 'type C
A I'P.rc R T OSS 1/VKers rvi-ujj-i JVC! 11, 9/S/4 6106 'type C lype <^

Kprn C\ 2/5 6107 kj . If 2^ (•J 'fvnp C
Akpr« RT-OfiS-l Kprn CA 1/2/5* 6110 1.3. 1 r U^iiy lype V

Akers RT-069-2 Kern, CA 2/5/4 6111 'tvDe G 'type C
Akers RT-074-1 Kern 3/3 4142 (Gaskin et al. 2006) 'type B' S. australis

CG A-7/2 Fresno, CA 1/2 6129 S. tragus S. tragus

CG A-7/3 Fresno, CA 1/2 6130 S. tragus S. tragus

CG A-7/4 Fresno, CA 1/2 6131 S. tragus S. tragus

Hrusa 16172 Kern, CA 3/3 6140 type B' 'type C
Villegas B247-1 Los Angeles, CA 4/4 6168 (Gaskin et al. 2006) 'type B' 'type B'

Villegas B247-2 Los Angeles, CA 4/4 6169 (Gaskin et al. 2006) 'type B' 'type B'

Akers RT-013-1 Merced, CA 4/4 4140 (Gaskin et al. 2006) 'type B' 'type B'

Akers RT-030-2 Merced, CA 4/4 4141 (Gaskin et al. 2006) 'type B" 'type B'

Akers RT-005-3 Solano, CA 1/2 4135 (Gaskin et al. 2006) S. tragus S. tragus

Rejmanek SA#1 South Africa 3/3 6798 'type B' 'type B'

Akers RT-042-1 Stanislaus, CA 2/5 4136 (Gaskin et al. 2006) 5". tragus 'type C
Akers RT-042-3 Stanislaus, CA 1/2 4137 (Gaskin et al. 2006) S. tragus 'type C

Wing development varies among the species, but

the CaHfornia taxa have five wings, one on each
tepal. We observed that, within an individual,

their form was generally consistent. Alone or in

combination with other features, Rilke (1999)

also found tepal-wing characters useful in Salsola

sect Kali. The basic pattern is of one large or

major wing bordered by two small or minor
wings, with each of these adjacent to one of two
middle or median wings (Fig. 2). One of the

median wings exhibited considerable intra-indi-

vidual shape variation, as less often did one of the

minor wings. We measured only the more
developmentally consistent of the two median
and minor wings. Because of their stability,

availability, and ease of quantification, tepal-

wing features dominated the morphometric data.

Length of the mature anther sac was the only
quantifiable non-tepal feature identified. Species
of Salsola sect. Kali produce flowers over a

considerable period and all but the latest season
and immature specimens had mature anthers
available. Anther sac length was also utilized by
Rilke (1999) and it appears to be a useful

taxonomic characteristic in the section. We used
only fully mature dehisced anther sacs; those
mummified or partially developed were excluded.

These fruit and anther characteristics were
utilized as both direct measurements and as ratios

derived from them (Table 2).

Results and Discussion

Variation among PEPC Intron Sequences

Our sampling of 'type B' beyond those

specimens listed in Gaskin et al. (2006) found
no previously unreported haplotypes. In summa-
ry, two haplotypes (3 and 4) are known from
'type B\ neither of which occur in Salsola tragus

('type A'), or in Salsola paulsenii. Gaskin et al.

(2006) reported a specimen of 'type B' from the

Phoenix, AZ, vicinity with the heterozygote

genotype 3/4; all other individuals sequenced
were homozygous for haplotype 3 or haplotype 4.

The sampled distribution of these two haplotypes

in California and Arizona is shown in Fig. 3A-B.
The 'type B' genotypes in far southern Arizona,

Texas and (probably) elsewhere in North Amer-
ica are not yet known.
The domination of the 'type B' dataset by

homozygote genotypes suggests that some form
of autogamy or agamospermy may occur in these

plants. Our close observation of flowers during



118 MADRONO [Vol. 55

Table 2. Characters used in the Morphometric
Analysis. Those with an asterisk preceding were, in

combination, usefully diagnostic of Salsola types 'A',

'B', 'C and S. paulsenii. Major wing width was tightly

correlated with winged fruit diameter, but these in

combination improved discrimination.

Taxonomic value Character

1. Discriminant

2. Non-systematic

3. Discriminant

4. Non-systematic

5. Non-systematic

6. Discriminant

7. Non-systematic

8. Non-systematic

9. Non-systematic

10. Non-systematic

1 1 . Discriminant

12. Non-systematic

*Winged-fruit diameter

Major-wing length

*Major-wing width

Major-wing length to width ratio

Minor-wing length

*Minor-wing width
Minor-wing length to width ratio

Median-wing length

Median-wing width

Median-wing length to width ratio

*Anther length

Ratio of minor-wing width to

major-wing length

morphometric examination showed that pre-

dehiscent anthers are already exserted, and
cleistogamous flowers do not appear present.

Self-fertilization behavior would be then at least

partially geitonogamous and not restrictive of

potential out-crossing. Asexual seed formation

could help explain both the dominance of

homozygotes in 'type B' and how the majority

of 'type A' genotypes are two recurring hetero-

zygote combinations, 1/2 and 2/5 (Gaskin et al.

2006). However, this is speculative as Salsola

breeding behavior and its influence on the genetic

and morphological variation patterns is not

currently understood.

Most of the original PEPC sequences (haplo-

types) generated for this study were from those

plants called 'type C. The genotypes recovered

from most of these specimens were mixed
combinations of Salsola tragus and 'type B'

haplotypes (Table 1; Appendices II and III),

although several similar-appearing plants had
only S. tragus haplotypes. Among the five

haplotypes recorded for 'type C, haplotype 1 is

characteristic of Salsola tragus sensu stricto and
occurs in Salsola paulsenii; haplotypes 2 and 5 are

known from S. tragus sensu stricto only, and
haplotypes 3 and 4 are restricted to 'type B'

(Gaskin et al. 2006). These were combined among
individuals of 'type C to form three different

genotypes (Fig. 1). The original 'type C common
garden offspring, from Coalinga (Fresno Co.,

CA), contained a combination of haplotypes 1

and 4. Haplotype 1 is found in both Salsola

paulsenii and Salsola tragus, but there was
nothing in the morphology of these specimens

to suggest Salsola paulsenii was involved in the

parentage. Plants from Yuba City and near

Daugherty in Sutter Co. CA, were a mix of

Salsola tragus haplotype 2 and 'type B' haplotype

3. A third mixture from about Maricopa in Kern

Co., CA, contained three haplotypes, 2 and 5

from Salsola tragus and haplotype 4 from 'type

B'.

Morphometric Variation

Both seasonal and non-seasonal developmental
variation precluded the quantification of numer-
ous morphologic features; others were not all

available on single specimens. Features not

readily usable or available included bract conna-
tion, growth habit, trichome type, including

position and occurrence patterns, shape features

of the leaves, bracts and spines, plus the seed

shape features listed in Ryan and Ayres (2000).

While some of these, particularly trichome type,

proved useful qualitative taxonomic characters

(Table 3), they were not included in the quanti-

tative data matrix.

Living plants in the common garden were
readily recognized as 'type B', S. paulsenii or S.

tragus, and after drying, the cultivated specimens

were not distinguishable from comparable wild-

collected material. Environment appears not to

be a significant influence on morphological
response in Salsola sect. Kali, and therefore the

morphometric analyses reported here combined
the wild and common garden datasets. We found
that a combination of three characters, anther sac

length, minor tepal-wing width, and overall

winged-fruit diameter (Table 2), in two functions,

could accurately classify all 183 specimens
representing this three-group 'core' (Fig. 4).

The first discriminant function separated Sal-

sola tragus and 'type B' by the broad minor wing
and short anthers in the latter that contrasted

with the narrow minor wing and longer anthers

of S. tragus. The second function separated S.

tragus from S. paulsenii due to the broad overall

winged fruit diameter and short anthers in the

latter. Thirteen 'type C individuals (Appendix II)

were then added to the three-group "core"

dataset and new functions calculated. Discrimi-

nation accuracy was reduced to 97.8% (4

misclassifications out of 196). A discriminant

score plot showed that the 'type C specimens

were interpolated between *S. tragus and 'type B'

(Fig. 5), due to their intermediate-width minor
wings and mid-length anther sacs. The four

misclassifications were three specimens previous-

ly classifying as S. tragus ('type A') that now
classified as 'type C, and one a known 'type C
that re-classified as S. tragus. The stepwise

addition of a fourth potential discriminator, the

major tepal-wing width, regained 100% accurate

classification. Although the major tepal-wing

width and the overall winged-fruit diameter were

correlated overall (r^ = 0.90), the correlations

were different among the four groups. Relative to

the overall winged-fruit diameter, the major wing
is broad in S. tragus and S. paulsenii, while it is
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Salsola 'type C

Salsola 'type B'

genotype 3/3

Salsola 'type B'

genotype 4/4

^ Salsola 'type B'

undetermined genotype

C;^ California distribution of

Salsola 'type B'

37.00*J ARIZONA NEW MEXICO

TEXAS

SCALE

500 KM

Fig. 3. Distribution of Salsola 'type B' and Salsola 'type C in California and the US southwest. California

specimens of known genotype are individually plotted. Arrows indicate the single known genotype for each

population of 'type C. The dark line surrounds the known distribution of 'type B\ Salsola tragus occurs

throughout California; only along the immediate coast, the high Sierra and in the Klamath/Siskiyou regions is it

rarely encountered. Outside of the outlined region Salsola 'type B' distribution is imperfectly known.

narrower in 'type B' and 'type C (compare
Figs. 6C and 6D; also Fig. 8).

After completion of the above analyses, the 25
individuals of known genotype but not used for

the function calculations, were scored for the

above four discriminating characters. Their
discriminant scores are plotted in Fig. 7 and the

specimens are listed in Table 1 and Appendix III.

Among these, five S. tragus and one 'type B'

misclassified as 'type C. Among those with S.

tragus genotypes, Moran 21152 from Baja
California had most of the features and the habit
of Salsola tragus sensu stricto (see Table 3) but
had unusually spatulate minor wings, similar to

those of 'type C\ Hrusa 16172 (Kern Co.) was
thought perhaps an F' hybrid as it had relatively

narrow minor wings, a smaller maximum calyx

appendage diameter, and a more condensed than

usual inflorescence for 'type B\ but it had a 3/3

'type B' genotype. This individual occurred where
both Salsola tragus and 'type C were mixed with

'type B\ but a second plant of similar appearance
was found mixed in a nearly pure population of

'type B' in the San Joaquin Valley north of

Fresno, and it may be that this is simply an
unusual 'type B' variant. The four other misclas-

sified specimens were similar in general appear-

ance to 'type C yet contained only S. tragus

haplotypes. Akers 65-U 56-1 (Kern Co.) and 42-1,

42-3 (Stanislaus Co.) approached 'type C in

tepal-wing form, the relative persistence of

mature fruit and the degree of wing development
from plant base to summit, differing from 'type

C only by their slightly longer anther sacs.
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8 2

B

S. tragus wild

• 'Type B' wild

A S. paulsenii wild

S. tragus common garden

O Type B' common garden

S. paulsenii common garden

Discriminant Score 1

Fig. 4. Plotted discriminant scores for three charac-

ters-calyx appendage width, anther length, and minor
wing width for the three 'core' gYonp^-Salsola tragus, S.

'type B' and S. paulsenii. The common garden and wild-

collected specimens are completely juxtaposed, evidence

that there is little environmental influence on the

outward form of the characteristics used for discrimi-

nation. Directional variation in the discriminant char-

acters are labeled with arrows.

Akers 65-1 contained three 5*. tragus haplo-

types and is at least hexaploid. It is not known if

Akers 56-1, 42-1 or 42-3 are also hexaploid or

higher. Akers 42-1 and 42-3 from Stanislaus
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•fr 'Type C common garden

Confirmed S. tragus genotypes
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Discnminant Score
'

Fig. 5. Four-group discrimination plot for the Fig. 4
'core' groups plus 'type C. Scores are based on four
characters-the three Fig. 4 characters plus major-wing
width. The 'type C specimens were of known
haplotype, and 'type C from the common-garden is

displayed separately from wild 'type C\ Confirmed
genotypes are plotted separately from specimens
identified morphologically; these are juxtaposed com-
pletely, indicating the accuracy of the morphological
discrimination. Discriminant classification was 100%
accurate with these morphological characters.

Fig. 6. Univariate comparisons among the four

features discriminating California Salsola tragus, S.

'type B', S. 'type C and S. paulsenii. Cross bar within

boxes represents the mean; boxes equal one standard

deviation from the mean; T-bars indicate the range.

Actual sizes are scaled to between 0 and 1 using

Gower's ranging algorithm (Sneath & Sokal 1973).

County in the northern San Joaquin Valley, were
found isolated from the other known 'type C
populations, and Akers 65-1 was collected in the

far western Mojave Desert, an area where neither

'type B' nor 'type C are established. Similar

specimens have been seen from Washington State

and the Modoc Plateau. That this is a recurring

form could support the hypothesis that it

represents an unrecognized polyploid. Plants of

'type C morphology (of any genotype) appear to

be relatively rare and, with the exception of the

first known collection, have been found only

when looked for specifically. While Salsola tragus

is readily separable by eye from 'type B\
morphologically separating this putative hexa-

ploid form of S. tragus from the similar 'type C is

generally unreliable.

Quantitatively 'type B' is recognizable by its

combination of laterally expanded minor wings

and short anthers (+/— 0.5 mm) (Fig. 4; Table 1).

Its winged fruits are not invested behind the
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OH

S. tragus 'type A'

O Type B'

* Type C

A S. paulsenii

Test, S. tragus genotypes

• Test, 'type B' genotypes

K Test, 'type C genotypes

Discriminant Score 1

Fig. 7. Plot of scores for 25 test specimens of known
genotype using the four discriminant characters in

Fig. 6. Specimens classifying morphologically outside

their genotype group are labeled as follows: A) Akers
43-3, genotype 1/2 ('type A'). B) Akers 42-1, genotype 2/

5 (type A'). C) Akers 56-1 genotype 2/5 ('type A'). D)
Akers 65-1, genotype 1/2/5 ('type A'). E) R. Moran
21152, genotype 1/2 ('type A'). F) Hriisa 16172
genotype 3/3 ('type B'). G) M. Rejmcmek SAl, Republic

of South Africa, genotype 3/3 ('type B'). H) C. Borger

01, Australia, genotype 3/3 ('type B"). Collection details

in Appendix III.

subtending bract, and they are non-persistent.

The stem vestiture usually appears glabrous, but

at higher magnification, (+/— 60x), the stem ribs

may have sparse and nearly microscopic

(<0.2 mm) epidermal trichomes that are absent

from the inter-rib areas (Fig. 9B). Trichomes like

these are not known in S. tragus, S. paulsenii or

'type C. 'Type is also unique within Salsola

sect. Kali in that individuals sometimes overwin-

ter and resprout the following spring. These
plants do not, or rarely, grow into full size

individuals, but their capacity to live past a single

season is unique in Salsola sect. Kali.

Among 'type B' with 3/3 or 4/4 genotype there

were no morphological correlations to either

combination. However, our sample of 'type B'

with known genotype is not large, and corre-

sponding physical or behavioral patterns may not

yet be visible.

Short anthers as in 'type B' are also found in

Salsola paulsenii (see Figs. 6B and 8), but that

species combines reduced or obsolete minor
wings with a broader overall winged-fruit diam-
eter and a stem epidermal covering of dense,

short, +/— columnar papillae on both the stem

ribs and inter-rib areas (compare Fig. 9B and
9D). Its variability centers on the minor wings;

these may be both obsolete, one may develop a

narrowly oblanceolate wing, or rarely both may

be so developed. Its most prominent identifying

feature is the sharp spine which, at maturity,

develops from the perianth tips (Fig. 8).

Among these russianthistles, Salsola tragus is

the most polymorphic. It has anthers often twice

the length of those in 'type B' or S. paulsenii

(Table 3; Figs. 6 and 8); it has reduced, but not
obsolete, minor tepal-wings and a stem rib

vestiture of long trichomes (Figs. 8, 9A), or none
at all. Individuals may have fruiting tepal-wings

similar in diameter to those of 'type B' or be half

that size, produce fully winged fruits at all but the

lowermost nodes, have them only at the upper-

most nodes, or show a continuous enlargement of

the wings from stem base to summit. Its tepal-

wing margins are generally irregular and the

major wing commonly has a notched tip.

Wingless fruits are obscured by the subtending

bract, and winged fruits are closely appressed

beneath the bract and against the stem rachis. All

are persistent after maturity.

As to variation among S. tragus in California,

one is a coarse-textured, short-statured, dense,

stiff, spiny and rounded tumbleweed with broad
calyx wings present on fruits at nodes well down
the stems; the winged-fruits are invested within

the bracts and are not exposed as in 'type B'. The
lowermost fruits are consistently wingless. This is

the dominant form in the high and low deserts

and mountainous areas. It is not generally

sympatric with 'type B'. The second form is a

low-elevation, late-fruiting, relatively leafy plant

with small and irregular calyx-wings formed only

on the top 1/5 or less of the stems; sometimes
there are no winged fruits formed at all. It is

common in the low elevation Central Valley, and
is scattered in the Salinas Valley and South Coast

region. In all these areas, it may be sympatric

with 'type B\ These distinctive and common
extremes probably represent part of what is

actually continuous variation in a variable

species. The winged fruits of these two types are

compared in Fig. 8.

Characterization of Salsola tragus sensu stricto

is further complicated by the presence of plants

that bridge essentially the entire morphological

gap between S. tragus and Salsola paulsenii. This

intermediate is mostly in transmontane regions,

and is rather common in both the field and
herbarium, where specimens are identified equal-

ly frequently as S. tragus or S. paulsenii. It is

found throughout the intermountain west, the

Sonoran and Mojave deserts, and has a disjunct

occurrence in the southern San Joaquin Valley,

centering in the disturbed areas about the oil

fields near Taft (Kern Co., CA). Their interme-

diacy is most apparent in the usual presence of

stem papillae combined with a non-spinose or

'lax' mature perianth (see Mosyakin 2003),

similar to S. tragus or 'type B'. The fruit wing

texture is variable, but commonly approaches the
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Salsola tragus ('type A')

Salsola 'type B'

Salsola 'type C

Salsola paulsenii

SCALE
A 0-5 mm
B 5 mm

Fig. 8. Tepal-wing, mature tepals, anther, and stem vestiture comparisons among Salsola tragus, S. 'type B\ 5".

'type C and S. paulsenii. Anthers (A) and overall tepal-wing diameter (B) are scaled to facihtate comparison. A:
mature anther. B: winged fruit from above. C: perianth form at fruit maturity. D: cross-section of stem showing
approximate trichome size and position. E: side view of stem surface. F: lower node un-winged mature fruit in

Salsola tragus and Salsola 'type C\

hyaline form found in S. paulsenii. Sometimes
longer trichomes, like those in Salsola tragus and
absent from S. paulsenii, are mixed with the

papillae typical of S. paulsenii, while less fre-

quently these papillae are absent and the S. tragus
type trichome is exclusively present. Their growth

habit is also more like the conical form of S.

paulsenii than the rounded form of S. tragus.

Mosyakin (2003) considered them a match to

Salsola gobicola Iljin from central Asia and
similar plants hypothesized as derived from
hybridization between S. tragus and 5". paulsenii



Fig. 9. Salsola tragus, S. paulsenii, S. 'type B' and S. 'type C stem trichomes. A: Salsola tragus. B: Salsola 'type

B'. C: Salsola 'type C\ D: Salsola paulsenii. Trichome density varies considerably among and within individuals.

For illustration clarity trichome density displayed in Salsola 'type B' is greater than is typical; the remainder

are representative.

are known from throughout their contact zone in

that region (Rilke 1999). Its ploidy level (or

levels) in North America is not known, nor is it

known if this form is autochthonous here, in full

or in part.

The Identity of 'Type B'

Among the types and regular specimens
examined and photographed by S. L. Mosyakin
at LE, several appeared superficially similar to

'type B"; examination of the digital images
indicated that all of these were forms of S. tragus

sensu stricto, usually plants with slightly broader
than typical minor wings. Mosyakin examined

specimens from central Asia, southeast Middle
Asia, Tajikistan, Kyrgyzstan, and SW Kazakh-
stan, but none matched 'type B\ Material at

MPU from southern Europe was likewise refer-

able to either S. kali sensu stricto, or S. tragus

sensu stricto as were all host plant biocontrol

vouchers from Europe, Asia and North Africa

held by USDA in Albany, CA or deposited at

CDA. Only Australian and South African

specimens photographed at K or observed at

the University of California Herbarium (UC)
matched 'type B' closely. 'Type B' was compara-
ble to the holotype image of Salsola kali subsp.

SLUstroafricana from South Africa at Munich (M),

and the BM lectotype of S. australis also matched
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'type B' closely. It was clear that both represent

Salsola 'type B', matching in all visible charac-

teristics, particularly the broad minor tepal-wings

and the exposed winged fruits present at both

upper and lower nodes. The Salsola austrails

lectotype had also short anthers and a sparse,

near microscopic, vestiture hke 'type B' (Table 3,

Figs. 8 and 9), but these latter characters could

not be seen on the image of S. kali subsp.

austroafricana. Specimens at K indicated that S.

austrails is widespread in southern Australia. Our
sequencing of two distinctive Salsola forms from

that region (C. Borger 03, 18 and 05 PERTH)
revealed both were genotype 3/3 ('type B').

Thus, there are two distinct Salsola species in

California to which Salsola tragus L. has been

apphed; genuine Salsola tragus L. and Salsola

austrails R. Br. Salsola austrails ('type B') was
reported in Gaskin et al. (2006) as S. kali

L.subsp. austroafricana Aellen but that report

was produced before the type of S. australis had
been seen. Salsola australis R. Br. has nomencla-

tural priority (Prodromus Florae Novae Hollan-

diae 411. 1810) and therefore S. kali L. subsp.

austroafricana Aellen (Mitteilungen der Bota-

nischen Staatssammlung Munchen 4. 1961) is a

taxonomic synonym.

Salsola australis

California distribution.

—

Salsola australis is

found throughout the San Joaquin Valley, the

South Coast Ranges, the south coast, all the

Channel Islands, and is apparently locaHzed in

the Colorado Desert. These areas all have warm
winters without regular hard frost. Ryan and
Ayres (2000) cited unspecified specimens at The
California Academy of Sciences Herbarium
(CAS) documenting S. australis in the inter-

mountain region, but they apparently mistook
intermediates between 5". tragus and S. paulsenii

{=S. gobicola) for S. australis. Both S. australis

and S. gobicola have fruits with wings at some or

all lower nodes, but as discussed previously, differ

in other characteristics.

In the southern Sacramento Valley Salsola

australis may be near the northern margin of its

potential range, and populations there appear
ephemeral. It is scattered along highways from
about the latitude of Monterey southwards, with
largest contiguous populations in the interior

South Coast Ranges from southern Monterey to

San Luis Obispo Cos. North of Santa Barbara,
Salsola australis, like S. tragus, appears absent
from the immediate coast. Southward, S. aus-

tralis occurs right up to the intertidal zone.

Salsola australis plants on Santa Catalina and the

northern Channel Islands are similar to mainland
plants, while collections from San Nicolas and
San Clemente Islands are distinctive in appear-
ance. The latter are more succulent, densely leafy

and have smaller and fewer winged-fruits that are

hidden within the fleshy leaves and thus possibly

not so readily dispersed than are those of the

mainland forms. Although the voucher specimen
has not been found, the report by Mosyakin
(1996, and cited in Hrusa et al. 2002) of S. kali

subsp. pontica (Pall.) Mosyakin on San Nicholas

Island is probably also this form of S. australis.

Among the mainland populations, there were
two minor, more or less allopatric morphs of

Salsola australis. Plants from the South Coast
Ranges were semi-succulent, irregular in habit,

brittle, often blue-glaucous in color, and tended

to have smaller winged-fruit diameter than did

plants from the San Joaquin Valley and south

coastal region, although not so small as those on
San Nicolas and San Clemente Islands. Uncor-
related to these two morphs was a minor bimodal
distribution of the minor-wing width that was
also geographically uncorrelated.

Distribution outside of California.—As far as

currently known, in western North America
outside of California, herbarium specimens of

Salsola australis have been seen from Arizona,

southwestern Texas and low elevations in Mex-
ico. A survey of specimens from the remainder of

North America has not been undertaken, and,

given the confusion with S. tragus, it is clear that

its non-California North American distribution is

scarcely known.
Outside of North America, we have seen

specimens from Australia, Namibia and the

Republic of South Africa. Because species of

Salsola sect. Kali have been thought indigenous

only to the northern hemisphere (Mosyakin 1996;

Rilke 1999), its presence in the southern hemi-

sphere was assumed adventive (Botschantzev

1974; S. L. Mosyakin, Kholodny Insititute of

Botany, Kiev, Ukraine, personal communica-
tion). This led to the interpretation that S.

australis was a form of Eurasian S. tragus.

Examination and molecular evaluation of addi-

tional Australian and southern Africa Salsola

materials would be useful, both to confirm the

presence or absence of Salsola tragus sensu stricto

in those regions, but also to elucidate the diversity

of S. australis genotypes there. Our limited

sampling revealed only haplotype 3 in African

and Australian S. australis. However, if the taxon

had a long association with one or more of those

regions additional haplotypes would be expected,

including haplotype 4, common in North Amer-
ican S. australis, but not yet found elsewhere.

Australian specimens at K appear to represent

both morphological forms of S. australis found in

California. The lectotype compared most favor-

ably with succulent material from the California

inner South Coast Ranges, while the holotype of

S. kali subsp. austroafricana is apparently more
like the San Joaquin, South Coast, and Arizona
forms. In addition, two Australian specimens (C.
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Borger 06, 18 PERTH) of what has been called S.

australis var. strobilifera (Benth.) Domin, a plant

distinct from S. australis sensu stricto in its

densely congested 'strobilus'-like inflorescences,

but with similar tepal-wings, had genotype 3/3. A
third Australian form (C. Borger 05 PERTH),
was a prostrate sand dune plant, similar in habit

to S. kali from European and North African

coastal sands. This genotype 3/3 plant has calyx

wings similar to S. australis in form and texture,

but with narrower minor-wings. It is of note that

in Flora of Australia (Wilson 1984) the 'Salsola

kali illustrated is S. australis, which is listed as a

synonym, while S. tragus is not mentioned nor
listed in the synonymy. Our untested hypothesis

is that Salsola sect. Kali of Australia represents a

disjunct species complex and S. australis as

treated here is just the typical form.

Habitat differences.

—

Salsola australis occurs

in California from sea level to about 400 m, and
reaches at least 500 m in Arizona. Contrary to

Salsola tragus, which is common in the Mojave
Desert, S. australis is there only a rare casual. It

has recently been collected in the low warm desert

of California near the Mexican border {R. Riefner

07-64 CDA), and the few specimens so far seen

from Mexico were also collected at low eleva-

tions. Above about 400 m in California Salsola

tragus replaces S. australis; in general Salsola

tragus' adaptation seems to favor more severe

environments and its widespread occupation of

interior North America (see Mosyakin 2003) is

further evidence.

Distribution (and often morphological) pat-

terns within or among widespread indigenous

taxa commonly correspond to some ecologic or

geographic condition, while widespread adven-

tive plants rarely display such coherence, occu-

pying more or less disturbed areas in many types

of habitat. Their distributions often reflect better

the relatively random movement of specific,

usually human, vectors. Salsola tragus and
Salsola australis overlap in range and are often

sympatric at low elevations, but when growing
adjacent they generally occupy different habitats.

For example, in favorable years on the open shale

hills of the South Coast Ranges east of San Lucas
in Monterey Co., Salsola australis occupies

thousands of acres with S. tragus restricted to

patches along valley bottom fences and immedi-
ate roadsides.

Some of the microhabitat separation may be

the result of different dispersal mechanics. The
fruits of S. tragus are invested by the subtending

bract, tightly appressed to the rachis and persis-

tent after maturity. The mature fruits do not

abscise readily and are dispersed as the plant

tumbles, or as it decomposes post-tumbling. This

pattern has been documented for Salsola tragus

(reported as S. iherica) in the Great Basin

(Stallings et al. 1995). Conversely, the fruits of
Salsola australis generally abscise readily at

maturity (see Table 3), and the plant skeletons

do not tumble to any extent. The result is that

Salsola australis is often found on hillslopes and
steep roadcuts where the parent plants grew. This
dispersal behavior may also hold for Australia,

where, according to C. Borger (University of
Western Australia, Perth, personal communica-
tion) their 'russianthistle' does not tumble.
Commonly one can also recognize the two species

when pressed and dried by the accumulated pile of
loose separated fruits in mature S. australis,

something not seen with Salsola tragus specimens.

A Name for 'Type C
All but four of the individuals morphologically

referable to 'type C had combined S. tragus and
'type B' haplotypes. Those four with S. tragus

genotypes only, have been discussed above. The
remaining 'type C individuals with three different

haplotypes were almost certainly hexaploid with

two chromosome sets from tetraploid S. tragus

and one from diploid 'type B\ Without additional

data it could not be confirmed that the Sutter

County genotype 2/3 and Coalinga genotype 1/4

plants were also hexaploid; their Salsola tragus

parents may have been tetraploid homozygotes
and thus only two distinguishable haplotypes are

present in the hybrid.

In our view, genuine 'type C is a fertile

allohexaploid derived via hybridization between
diploid Salsola australis and tetraploid Salsola

tragus. These allohexaploid derivatives would be
inter-fertile among themselves, yet inter-sterile to

the parent diploids or tetraploids. At least two
persisting, true-breeding populations of 'type C
are present in California and appear to represent

at least a locally adapted entity. This inter-

fertility among 'type C individuals and the

offspring sterility expected if a hexaploid is

backcrossed to tetraploid S. tragus or to diploid

S. australis supports the hypothesis that 'type C
is a biologically distinct species. It has originated

at least three times, with each instance a

formation of the same species.

We hereby propose the following specific

epithet be applied to 'type C.

Salsola ryanii G. F. Hrusa and Gaskin sp. nov.

(Fig. 8). TYPE: USA, California, Kern Co.,

Hwy 1 19, 0.5 mi W of Old River. Genotype 21

5/4, 35.267°N, 119.153°W. El. 315 ft. 01 Nov.
2002, P. Akers 69-3 (Holotype CDA; isotypes

DAV, RSA).

Salsola ryanii sp. nov. Planta annua usque ad
2 m alta. Caules cylindrici, sparse hispidi vel

glabri. Fasciculi collenchymatis plerumque vir-

ides, interdum rubentes. Fructuum alae tepalum
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albae vel subroseae, venis visibilibus sed non
prominentibus. Alae minores tepalum plus min-

usve spathulatae, infra angustatae supra expan-

sae, limbo ungue latiore. Fructus, alis inclusis,

5.3-7.2 mm in diametro. Fructus superiors alati,

basales partim alati vel non alati. Tepala in

maturitate hyalina remanentia, mollia. Fructus in

maturitate semipersistens, bractea subtendenti

partim investitus. Antherae 0.5-1.3 mm longae.

Annual plant up to 2 m tall. Stems cylindric,

sparsely hispid or glabrous. Stem ribs usually

green, sometimes reddening. Tepals in maturity

remaining hyaline, soft. Wings of tepals of fruits

white or pinkish, with veins visible but not

prominent. Minor-wings of tepals more or less

spatulate, below narrowed, above expanded, with

limb broader than claw. Fruit, wings included,

5.2-7.2 mm in diameter; upper fruits winged,

basal partly winged or not winged. At maturity

semipersistent, partly invested by subtending

bract. Anthers 0.5-1.3 mm long.

The epithet honors Fred Ryan of the USDA/
ARS, who first collected and recognized this entity.

Visual recognition Salsola ryanii. Figures 8 and
9 illustrate tepal-wing, anther, and stem vestiture

morphologies and Table 3 compares taxonomi-
cally useful morphological traits of S. ryanii

('type C), S. australis, S. paulsenii and S. tragus.

Salsola ryanii is morphologically intermediate

between S. tragus and S. australis in nearly all

features, and this intermediacy makes it a

challenge to recognize on its own. Adding to

the difficulty are those few S. tragus plants that

are similar morphologically to S. ryanii. The
general texture of 'type C is difficult to assess on
a dried herbarium sheet; it is a thinner-stemmed
and less brittle plant than the often thick-

stemmed and semi-succulent S. australis, and
more brittle than the wiry and tough Salsola

tragus. It does not form the long, dense, spiciform

inflorescence common in mature Salsola tragus,

nor does it have the loose, more or less

uncondensed inflorescence of most Salsola aus-

tralis. When growing side by side with S. tragus,

Salsola ryanii may be distinguished by the

relatively long internodes and winged fruits at

lower nodes. Identification is improved by
becoming familiar with the parents. Distinguish-

ing genuine 'type C plants from hexaploid 5".

tragus failed using our discriminant characters, as

discussed previously. The latter are apparently
less hispid and more robust than S. ryanii, but
further study will be necessary before these can be
reliably separated using morphology alone. How-
ever, they are readily distinguished using molec-
ular markers.

Distribution. Salsola ryanii is known from three

localized small to extended medium-sized popu-

lations (Fig. 3A). All occur below 300 m and
occur where Salsola australis and Salsola tragus

are sympatric. Two populations are along
regional highways; at the intersection of Hwy.
166 and Hwy. 33 near Maricopa (Kern Co.) and
alongside Hwy. 33 immediately north and south

of Coalinga (Fresno Co.). In both locations

Salsola ryanii grows mixed with Salsola tragus.

The largest populations are along Highways 166

and 1 19 from immediately east of Maricopa east

to Bakersfield (Kern Co.). It has also been
collected near Famoso and Shafter in that region.

The area from south of the Fresno Co. line,

north of Hwy. 166, east of the Elk Hills and west

of approximately Interstate 5 has scattered small

to medium-sized patches of S. ryanii. In this

region, it is sympatric with S. tragus, S. australis

and sometimes S. gobicola, although the two
latter are often growing on sands or shales while

Salsola ryanii is usually on the deeper soils S.

tragus occupies. The two small populations in

Sutter County have not been relocated, and as

with the S. australis in that area, may be

ephemeral. The haplotype combinations in Sal-

sola ryanii are geographically localized and point

to regional dispersal from either a local origin or

introduction; as all these sites are along or close

by roadsides, it is conceptually easy see their

dispersal as predominantly human-mediated.

Will it spread? Most novel hybrids are not

selectively advantageous, but evidence is growing
that hybrids or novel genotypes are involved in

many invasions (Ellstrand and Schierenbeck

2000). Infamous recent examples include the

marsh grass Spartina spp. (Ayres et al. 1999),

the freshwater aquatic plant Myriophyllum spp.

(Moody and Les 2002), saltcedar shrubs {Ta-

marix spp.) (Gaskin and Schaal 2002), the marine
alga Caulerpa spp. (Durand et al. 2002), and a

mustard (Rorippa spp.) (Bleeker 2003). In addi-

tion to potentially stimulating invasiveness, novel

hybrids also may affect control efforts by
presenting phenotypes that are novel to potential

classical biological control agents. Analysis of

invasion identities and population dynamics
using genetic markers has contributed much
information about species that are biological

control targets (Sakai et al. 2001; Roderick and
Navajas 2003).

Abbott (1992) summarized four known allo-

polyploid speciation instances, two between pairs

of non-native taxa and two between native and
non-native taxa. Both instances of non-natives

crossing with other introductions are in North
America; two species of Tragopogon, T. dubius

and T. pratensis, have given rise to Tragopogon
miscellus Ownbey (Amer. J. Bot. 37: 498. 1950)

that has spread beyond the range of one parent.

The other, T. mirus Ownbey (Amer. J. Bot. 37:

498. 1950), a product of hybridization between T.
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dubius and T. pratensis, has not spread beyond
the vicinity of its parent species. In Great Britain,

Senecio cambrensis Rosser (Watsonia 3: 228.

1955) has been derived at least twice between
the native Senecio squalidus and introduced

Senecio vulgaris, and is always found where both
parents are present. Scdsola ryanii appears to

behave similarly to the Tragopogon mirus and
Senecio models; it has originated at least three

times, but each known independent derivative

remains in the region of the parent species. In this

case, although Salsola sect. Kali travels readily in

concert with humans and the current populations

of Scdsola ryanii may be distant from their sites of

origin, they still occur within the parents adaptive

range. Salsola ryanii may be restricted in distri-

bution at least in part due to its intermediacy in

the differing ecological adaptations characteriz-

ing the parents; fruits do not abscise readily, nor

are they persistent; plants tumble to some small

extent, but are not dense and orbicular like S.

tragus. We feel, based on its current distribution

pattern of isolated or extended roadside patches

that S. ryanii will likely spread only locally by
non-anthropogenic means, but will attain longer

distance dispersal via human traffic. Its present

adaptive deficiencies will, to some extent, prob-

ably restrict its subsequent movement, and the

species will unlikely become a widespread future

pest.
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Appendix I

Specimens used in the morphometric analysis. Some
of these are also cited in Gaskin et al. (2006). Specimens
with genotypes determined specifically for this study are

also listed in Appendix IL "Common garden" collec-

tion data are seed collection provenances; vouchers for

the original parent material are not available. Offspring
vouchers are at CDA except where specified.

Common Garden Materials

Salsola 'type B'

USA: CALIFORNIA: FRESNO CO.: Fresno,
HCRL RR tracks, 36 43.3'N, 119 44.rW, Ro^v A-61

inds. l-6\ row B-6lin(ls. 1 5\ row C-5linds. 1-6:

MERCED CO.: Santa Nella, water tower on Hwy 33,

37 4.3'N, 121 1.2'W, Row B-2tmds. 1 5\ row A-4linds.

1-8. SAN DIEGO CO.: Mission Valley, Hazards
Center Dr. off 1-8. 32" 46.1'N, 117' 9.2'W, Nov. 1999.

Row A-5linds. l-7\ row C-41 inds. 1~6\ row B-7linds. 1-6.

Salsola tragus ('type A')

USA: CALIFORNIA: FRESNO CO.: Fresno,

30 acre field adjacent to HCRL RR, 36 43.3'N,

119"44.1'W, Nov. 1999. Row A-llinds. 1^\ row B-51

inds. l-6\ row C-lOlinds. 1^: Big Field in Fresno,

36 48.9'N, 119 44.1 'W, Dec. 1999; row A-Slinds. l-6\

row B-llinds. l-4\ row C-llinds 1-5: Coalinga, Phelps

Rd. at Hwy 33, 36 9.9'N, 120 2 1.2'W, row B-4tinds. 2-

4\ row C-6linds. 1^\ row A-9linds. 1.3,4. YOLO CO.:
Davis, Koso St. at Cowell Blvd. 38 32.rN,
121 44.1'W, Dec. 1999. Row A-8linds. l-6\ row C-31

inds. 1-5: row B-9linds. 1-4.

Salsola paulsenii

USA: CALIFORNIA: SAN BERNARDINO CO.:
Barstow, downtown Business 1-15 and E. White St.

34 54'01"N; 117 01'22"W, 650 m, row B-Slinds. 1-3;

row A-2linds. l-2\ row C-911 ind.

Salsola 'type C
USA: CALIFORNIA: FRESNO CO.: Coalinga,

Phelps Rd. at Hwy 33, 36°9.9'N, 120"21.2'W, row C-

2linds. 2, i; row A-lOlinds. 2, 3; row B-3linds. 7, i, 4.

Wild Materials

Salsola 'type B'

USA: CALIFORNIA: FRESNO CO.: Fuller 18732 S

side Hwy 149 (Hwy 198) 2.1 mi. W of Coalinga. 7/24/

1969. IMPERIAL CO.: R.E. Reifner 07-64, disturbed

alkahne flats on Ross Rd. ca. 0.2 mi. E of Dogwood St.

N. of Hwy 8, nr. El Centro. UTM: (NAD 83) IIS

063755E, 362805 N. El. minus 28 ft. 02/17/2007. KERN
CO.: Hrusa 16169, 1/4 mi. W of Maricopa on Hwy 166/

33, 35.056 N, 119.405 W, 925 ft. el. 10/12/2003. Hrusa
16173 Hwy 166/33 10 mi. E of Maricopa. 35.058 N,
119.258 W. 600 ft. el. 10/12/2003. H.L. Green s.n., near

Buena Vista Lake, 11/10/61. KINGS CO.: Fuller 12935

E slope Pyramid Hills, 14 mi. S of Avenal. 12/17/1964.

LOS ANGELES CO. B. Villegas B247-3: B247-4: B247-

5, all haplotype 4. Plant DNA#s in Gaskin et al. 2006.

Calabasas nr. Ventura Co. line. 34 9.93'N, 118 40.67',

8/21/2002; M. O'Brien s.n. Figueroa Blvd., Los Angeles.

9/13/2004. M. O'Brien s.n. Pescadero State Beach. 12/

23/2004. MONTEREY CO.: Hrusa 16182 RR tracks at

Monterey Rd. on E side US 101 (Rancho del Salinas).

36.675 N, 120.694 W. 683 ft. el. 10/14/2003. Hrusa
16183A. Plant DNA# in Gaskin et al. 2006; 16183B:

I6183C: 16I83D. Plant DNA#s in Gaskin et al. 2006.

All haplotype 3. Hwy 198 betw. San Lucas & Coalinga
+/- 1 mi. E US 101. 36.149 N, 121.002 W. 492 ft. el.

10/14/2003. Hrusa 16188. Gonzales, W side US 101 at

corner Folletta & Atta Rds. 36.524 N, 121.466 W,
100 ft. el. 10/14/2003. Hrusa 16193, haplotype 3. Plant

DNA# in Gaskin et al. 2006. Jolon Rd. at Lockwood
Post Office. 35.937"N, 121.072' W, 970 ft. el. 10/14/

2003. SAN BENITO CO.: Hrusa 16186, Hwy 25, S of

Paicines, vineyard edge. 36.677 N, 121.256". 782 ft. el.

10/14/2003. SAN JOAQUIN CO.: Hrusa 16134 Hwy 33

exit 1/2 mi. S of Interstate 5. 37.672 N, 121.333 W.
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75 ft. el. 10/10/2003. SAN LUIS OBISPO CO.: Hrusa
16179^ Cuyama Cyn. along Hwy 166 betw. Cuyama &
Santa Maria. 35.047 N, 120.183 W, 896 ft. el. 10/13/

2003. Hrusa 16181, Templeton, US 101 1/4 mi. N of

Paso Robles Ck. Bridge. 35.536"N, 120.71 TW, 775 ft.

el. 10/13/2003. Hrusa 16196, Hwy 46 E of Paso Robles,

immed. E of Whitley Gardens. 35.659°N, 120.480"W
1050 ft. el. 10/14/2003.

Salsola tragus ('type A')

USA: CALIFORNIA: INYO CO: Hrusa 16709 CDFA
IPC seed accession RT05-3\ 16710\ Hwy 6 roadside, 6 mi.

N of Bishop, 37"24'49'N, 1 1 8°2
1

' 1
1

'W, 4 100 ft. el. 9/27/

2005. KERN CO: Akers RT-056-3. N of Hwy 58, int.

Edison Hwy & Tower Line Rd. along RR. 35.332°N,

118.807°W, 794 ft. el. 10/30/2002. Hrusa 16787 CDFA
IPC seed accession RT05-14A genotype 1/2. Hwy 43 S of

Shafter, open silty field. 35 26'10'N, 1 19^15' 19'W,
375 ft. el. 9/29/2005. Hrusa 16813 CDFA IPC seed

accession RT05-18, genotype 1/2; Hrusa 16814 CDFA
IPC seed accession RT05-19, genotype 2/5, sag pond on
San Andreas fault, S end Carrizo Plain. 34 59'55'N,

119 29'19'W, 9/29/2005. LOS ANGELES CO: O'Brien

s.n. Roadside, Gorman. 11/3/2005. MONO CO.: Hrusa
16697 Corner of Hwy 395/Hwy 89. 38 38'55'N,
119^31'50'W, 5100 ft. el. 9/27/2005. MONTEREY
CO.: Fi///er 74754 N side Hwy 198 1.5 mi.W ofCoalinga.

10/7/1965. SAN LUIS OBISPO CO.: Fuller 14179,

14180, Hwy 466 (Hwy 46) 1.3 mi. W of Shandon. 10/7/

1965. Fuller 14181 S side Hwy 466 (Hwy 46) N of

Shandon. 10/7/1965. Hrusa 16817; 16818; 16819; 16820;

16821; 16822, S end of Elkhorn Plain. 35 '01'36'N,

119 29'27'W. 2500 ft. el. 9/29/2005. SAN BERNAR-
DINO CO.: Akers RT-065-3 Old AFB, Phantom West
Rd. and Aviation Dr., 34.590 N, 1 17.366 W. 2850 ft. el.

10/31/2002. NEVADA: NYE CO.: Hrusa 16727 geno-

type 2/5; Hwy 95 roadside at Esmeralda Co. line.

37"27'58'N, 1 17°10'07'W.4500 ft. el. 9/27/2005. WA-
SHOE CO.: Hrusa 16691; 16692; 16693; Mogul exit off

Interstate 80, +/- 10 mi W of Reno. 39.517°N,
1 19.923 W, 4800 ft. el. 9/26/2005.

Salsola paulsenii

USA: CALIFORNIA: INYO Co.: Hrusa 16736,

16737 CDFA IPC seed accession RT05-5, 16738,

Tecopa, Death Valley, Comer Old Spanish Trail Rd.
& Furnace Lake Rd. on rd. to China Rch. 35^50'51'N,

116 12'08'W. 1500 ft. el. 9/27/2005. KERN CO: Fuller

18837 S side Hwy at W limits of Boron. El. 2450 ft. 8-

21-1969. SAN BERNARDINO CO.: Fuller 12644 S

side Hwy 66 to Daggett, E limits of Barstow. 9/22/1964;

Fuller 12645 Hwy. To Barstow, 2.6 mi. W of Daggett.

9/22/1964; Fuller 15216, disturbed ground, 2 mi. E of

Barstow on 1-40, 9/28/1966. Fuller 15217, S of 1-40 to

Daggett, 2 mi. E of Barstow. 9/28/1966. Hrusa 16740
CDFA IPC seed accession RT05-7, Dumont Dunes,
Death Valley, 9/27/2005; Hrusa 16744 CDFA IPC seed

accession RT05-8, 16745 CDFA IPC seed accession

RT05-9, NE edge of Silver Lake, edge Hwy 127,

35°22'34'N, 116°07'23'W, 900 ft. el. 9/27/2005. Hrusa
16757 CDFA IPC seed accession RT05-11, 16756,

16758, 16759, Mojave R. bed in BLM Afton Cyn
Preserve. 35°02'5rN, 116°23'54'W, 1400 ft. el. 9/28/

2005. Hrusa 16761 CDFA IPC seed accession RT05-12,
16762, 16763, 16765, 16766 Daggett, sandy bank of

Mojave River. 34 52'34'N, 116 53'27'W 2000 ft. el. 9/

28/2005. Hrusa 16775 CDFA IPC seed accession RT05-
13, 16 776, 16 777, Hwy 58 betw. Kramer Jtn. And

Barstow on Harpur Lake Rd. at RR track crossing.

34°57'03'N, 117°19'59'W. 2700 ft. el. 9/28/2005.

Salsola 'type C*

USA: CALIFORNIA: KERN CO.: Akers RT-056-2,

genotype 2/5/4, N of Hwy 58, int. Edison Hwy & Tower
Line Rd. along RR. 35.332°N, 118.807°W, 794 ft. el.

10/30/2002. Akers RT-069-3, genotype 2/5/4, Hwy 119,

0.5 mi. W of Old River. 35.267°N, 119.153°W. 315 ft.

el. 1 1/01/2002 (holotypus). Akers RT-72-1, genotype 21

5/4, RT-072-2, genotype 2/5/4, Elk Hill Rd., NE base of
Elk Hills. 35.333°N, 1 19.463' W, 395 ft. el. 11/01/2002.

SUTTER CO.: Hrusa 15999, genotype 2/3, Yuba City

downtown rd. edge. 10/01/2001 . YUBA CO.: Akers RT-
010-2, genotype 2/3, RT-10-3 genotype 2/3, Smartville

Rd., 0.3 mi. N of Daugherty. 39.186°N, 121.304°W.

100 ft. el. 9/19/2002.

Appendix II

'Type C specimens whose PEPC intron genotypes

were determined for this study. CG = "common
garden". See Appendix I for additional specimen data.

The 14 specimens marked with an asterisk were
confirmed 'type C genotypes and used in the discrim-

inant function calculations. The remainder were used in

tests of those functions (Fig. 7, Table 1 and Appendix -

III)-

Plant

Genotype Specimen County DNA #
2/5/4 Akers RT-069-2 Kern 6111

2/5/4 *Akers RT-069-3 Kern 6112
2/5/4 *Akers RT-072-2 Kern 6116

2/5/4 Akers RT-055-1 Kern 6106
2/5/4 *Akers RT-072-1 Kern 6115
2/5/4 *Akers RT-056-2 Kern 6108
1/4 CG: C-2/1 Fresno 6125

1/4 *CG: C-2/2 Fresno 6126
1/4 *CG: C-2/3 Fresno 6127

1/4 CG: A-10/1 Fresno 6117

1/4 *CG: A-10/2 Fresno 6118

1/4 *CG: A-10/3 Fresno 6119

1/4 CG: A- 10/4 Fresno 6120
1/4 *CG: B-3/1 Fresno 6121

1/4 CG: B-3/2 Fresno 6122
1/4 *CG: B-3/3 Fresno 6123

1/4 *CG: B-3/4 Fresno 6124

2/3 *Akers RT-010-2 Yuba 6101

2/3 *Akers RT-010-3 Yuba 6102

2/3 *Hrusa 15999 Sutter 6133

Appendix III

Salsola tragus, S. 'type B' and S. 'type C specimens

used to test the efficacy of the discriminant functions.

Groupings below are based on correlation to those in

Fig. 5. Vouchers at CDA unless specified. See also

Table 1.

Salsola 'type B'

AUSTRALIA: C. Borger 01, genotype 3/3. Gerald-

ton, Western Australia (PERTH). CALIFORNIA:
KERN CO.: Hrusa 16172 genotype 3/3. Hwy 166/33

* Plant DNA#s in Appendix II.

Akers RT-069-2 Kern 6111

*Akers RT-069-3 Kern 6112
*Akers RT-072-2 Kern 6116

Akers RT-055-1 Kern 6106
*Akers RT-072-1 Kern 6115
*Akers RT-056-2 Kern 6108

CG: C-2/1 Fresno 6125

*CG: C-2/2 Fresno 6126
*CG: C-2/3 Fresno 6127

CG: A-10/1 Fresno 6117

*CG: A-10/2 Fresno 6118

*CG: A-10/3 Fresno 6119

CG: A- 10/4 Fresno 6120

*CG: B-3/1 Fresno 6121

CG: B-3/2 Fresno 6122

*CG: B-3/3 Fresno 6123

*CG: B-3/4 Fresno 6124
*Akers RT-010-2 Yuba 6101
*Akers RT-010-3 Yuba 6102

*Hrusa 15999 Sutter 6133
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10 mi. E of Maricopa. 35.058 N, 119.258 W. 600 ft. el.

10/12/2003; Akers RT-074-1 genotype 3/3. E side Hwy
46/1-99 interchange. 35.601 N, 119.208 W, 415 ft. el.

11/01/2002. LOS ANGELES CO: B. Villegas B247-l\

B247-2\ genotype 4/4, Calabasas nr. Ventura Co. line.

34"9.93'N, 118 40.67', 8/21/2002. MERCED CO.:

Akers RT-030-2 genotype 4/4. Billie Wright Rd.
-0.4 mi. W of 1-5 bridge. 37.04°N, 120.96 W, 246 ft.

el. 10/10/2002; Akers RT-013-1 genotype 4/4. S side

Hwy 152. 36.983 N, 121.374 W, 255 ft. el. 09/23/2002;

REPUBLIC OF SOUTH AFRICA: M. Rejmanek SAJ,

genotype 3/3. Kimberley region. 10/28/2005.

Salsoki tragus ('type A')

MEXICO: BAJA CALIFORNIA: Moran 21152
genotype 1/2. Four mi. W of Ojos Negros. 31°53'N,

116 22'W, 600 m el. 11/10/1973. UNITED STATES:
CALIFORNIA: BUTTE CO.: Ahart 8295 genotype 1/

2. E side Sacramento River 1 mi. SE of Ord Ferry.

105 ft. el. 10/3/1999. FRESNO CO.: Common garden

row A-712-4, all genotype 1/2. Akers RT-014-1 genotype

2/5. Kearney Research Center, Rio Vista Rd. 0.1 mi. N

of Manning. 36.606"N, 119.473 W, 353 ft. el., 09/23/

2002. KERN CO: Akers RT-056-1 genotype 2/5. Akers
65-1 genotype 1/2/5. Old AFB, Phanton West Rd. and
Aviation Dr. 34.59 N, 1 17.366 W, 2850 ft. el. 10/31/

2002. SOLANO CO: Akers RT-005-3 genotype 1/2

(Gaskin et al. 2006). Corner of Robben & Hackman
Rds. 38.453 N, 121.179 W. 43 ft. el. 09/18/2002.

STANISLAUS CO.: Akers RT-042-L genotype 2/5,

Akers RT-042-3, genotype 1/2, Radio tower, ~6 mi. E
of Turlock at Main & Central. 37.49 TN, 120.957°W.
46 ft. el. 10/28/2002.

Salsoki 'type C
CALIFORNIA: FRESNO CO.: Common garden

row C-2/ind /; row A-lOlinds. 7, 4\ row B-3/ind 2, all

genotype 1/4. Coalinga, Phelps Rd. at Hwy 33,

36°9.9'N, 120 21.2'W. KERN CO.: Akers RT-055-1
genotype 2/5/4, Shafter, vacant lot to W of Santa Fe
Way -1000 ft, N of Hagemon. 35.400 N, 119.151 W.
10/30/2002. Akers RT-069-2, genotype 2/5/4, Hwy 119,

0.5 mi. W of Old River. 35.267 N, 119.153 W. 315 ft.

el. 11/01/2002.
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Abstract

Isozyme analysis of the rare Oenothera wolfii (Wolf s evening primrose) and the garden escape, O.

glazioviana, indicates that hybridization between these species may be more widespread than

morphological evidence indicates. Although both species contained low amounts of genetic variation,

unique alleles were identified in both taxa. Analysis of 22 populations, including pure populations of

each species, identified eight populations as containing putative hybrid individuals. Four of these

putative hybrid populations were considered pure O. wolfii based on morphological analysis. This

study confirms that the native O. wolfii may be at risk not only from habitat destruction, but

potentially from genetic swamping where it co-occurs with O. glazioviana. These results can be used as

baseline information for future genetic monitoring efforts.

Key Words: complex heterozygote, genetic swamping, hybridization, isozymes, Oenothera.

Although habitat loss usually poses the great-

est threat to a rare species' survival, there is

evidence that hybridization with widespread
related taxa poses an immediate threat to some
species (Rhymer and Simberloff 1996). A rare

species may become functionally extinct through
genetic swamping after repeated hybridization

and backcrossing with a more common species

(Levin et al. 1996). Management efforts to

minimize hybridization in order to protect a rare

species may not be justified if hybridization

results from natural processes. By contrast,

artificial hybrid zones arising from human-
mediated habitat modification or species intro-

duction may require management action to

minimize the potential loss of a rare species

(Rhymer and Simberloff 1996; Allendorf et al.

2001). In order to minimize the effects of artificial

hybrid zones, managers must be able to distin-

guish between pure populations of a rare species

and hybrid swarms where the two species coexist.

Frequently, hybrids display phenotypes interme-

diate to either parent species, although hybrid

morphology may be extreme to either parent

(Schwarzback et al. 2001). Due to these varia-

tions, morphology alone may be insufficient to
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versity of Southampton, School of Biological Sciences,

Southampton, SO 16 7PX, United Kingdom. +44-(0)79-

8363-0570 (voice), +44-23-8059-4459 (fax), j.dewoody@
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completely describe hybrid swarms of individuals,

particularly if second-generation hybrids or back-

cross individuals occur frequently. Genetic infor-

mation may provide greater power to identify

hybrids if unique alleles occur in either or both

pure species. Even in the absence of unique alleles,

given sufficient variation in neutral, bi-parentally

inherited, genetic markers (for example, iso-

zymes), statistical methods exist to identify not

only first-generation hybrid individuals, but also

second-generation hybrids and introgressed indi-

viduals resulting from backcrosses with either

parental species (Rannala and Mountain 1997;

Rieseberg et al. 1998; Nason et al. 2002).

Oenothera wolfii [Munz] Raven, W. Dietr.

Stubbe (Onagraceae) (Wolf s evening primrose)

is a biennial to short-lived perennial native to the

coastal areas of northern CaHfornia and southern

Oregon. Populations of this species are rare and
patchy in distribution, found on moderately

disturbed sites, including the upper margin of

beach strand and coastal bluffs (Imper 1997).

While disturbance resulting from continued

development and recreation along the coast have

created new habitat for O. wolfii in some
instances, the net effect of human encroachment
has been negative for existing populations (Imper

1997). As a result, O. wolfii is listed as threatened

by the state of Oregon, and both the CaUfornia

Native Plant Society and the Oregon Natural

Heritage Program list this species as endangered

throughout its range (Imper 1997).
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While habitat loss is affecting O. \volfii\

hybridization with a common congener, O.

glazioviana Micheli, may prove the more imme-
diate threat (Imper 1997). As a garden escape

(i.e., a horticukural species of hybrid origin that

has become established in natural areas), O.

glazioviana may be interfertile with O. wolfii,

producing artificial hybrid zones where the

species coexist. Several factors support this

hypothesis. First, introgression is common be-

tween many members of this genus. Greenhouse
experiments have shown that hybridization be-

tween O. wolfii and other members of the genus

readily occurs (Wasmund and Stubbe 1986).

Second, individuals of hybrid origin have been

identified at the California-Oregon border area

based on morphological traits (Carlson et al.

2001). Hybrids are fertile, vigorous, and display a

greater fitness than either parent species (Imper

1997). Although genetic typing of hybrid individ-

uals indicates that hybrids tend to breed true,

there is evidence of hybrids back-crossing with O.

wolfii (Imper 1997). Third, O. wolfii is potentially

susceptible to genetic swamping by O. glazioviana

based on the mating systems of each species. O.

wolfii is self-compatible and produces the major-

ity of its seed via self-pollination (Carlson et al.

2001). This breeding system is a consequence of

O. wolfii'^ complex heterozygous genome, which
is maintained through self-fertilization and bal-

anced lethals, and results in approximately half of

the mature pollen grains being sterile (Wasmund
and Stubbe 1986). In contrast, O. glazioviana is

an outcrossing species (Imper 1997). Given the

asymmetry of available pollen between these

parent species asymmetric gene flow might occur

as O. glazioviana pollen swamps O. wolfii stigmas

at sympatric sites. Together, this evidence sug-

gests that hybridization likely occurs between this

rare endemic and the widespread garden escape.

This study reports an investigation into the

extent and structure of hybrid zones between O.

wolfii and O. glazioviana using isozymes, which
are putatively neutral, bi-parentally inherited,

molecular markers. Three questions were ad-

dressed: First, does sufficient genetic variation

exist to discriminate between pure O. wolfii and
O. glazioviana populations? Second, can hybrid

populations be identified using these molecular
markers? Third, what is the frequency of hybrid
individuals in natural populations of O. wolfiP.

Ultimately, these genetic findings provide greater

insight and guidelines for management plans and
conservation objectives.

Methods

O. wolfii is a complex heterozygote (Wasmund
and Stubbe 1986), or complex hybrid (Bussell et

al. 2002), where a diploid individual contains not
two copies of a single genome, but a single copy

of two distinct genomes. Multiple reciprocal

translocations across the genome have produced
a single linkage group consisting of both sets of

chromosomes at meiosis. As a result, the 14

chromosomes in a diploid individual form a

single ring instead of seven bivalents. This

phenomenon persists through self-pollination

coupled with balanced lethals, with gametophytic

and sporophytic lethals persisting in the hetero-

zygous state. Although self-fertilization may
produce embryos homozygous for either genome,
only heterozygous embryos survive to produce
viable seed, since those embryos homozygous for

one genome will also be homozygous for either

the sporophytic or gametophytic lethal allele. As
a result, alleles are not independently assorted,

and populations are not randomly mating. This

mechanism explains the lack of genotypic diver-

sity and recombination observed in the data set

(see Results), and prevents the use of statistical

analyses typical of co-dominant genetic data (e.g.,

admixture analyses or population assignment

tests).

Samples were collected from populations at 22

sites whose taxonomy was determined by mor-
phological traits (Tables 1 and 3, Fig. 1). Typical

O. wolfii plants produce small (<5 cm) pale-

yellow corollas having petals that do not overlap,

with sepals covered in dense long-spreading

pubescence, both villous and glandular pubes-

cence occur on fruits, and plants have a reddish

upper stem (Imper 1997). By contrast, typical O.

glazioviana plants produce larger (>8 cm) bright

yellow flowers having substantial overlap in the

petals, minimal pubescence on either sepals or

fruit, green upper stems, and more wrinkled and
lighter green foliage than observed on O. wolfii

(Imper 1997). Field observations identified four

populations as O. glazioviana (nos. 1 to 4; the

populations of the garden escape most proximate

to O. wolfii), 14 populations as O. wolfii (nos. 6 to

19), and three populations as intermediates or

putative hybrids (nos. 20 to 22). Field observa-

tions could not distinguish between O. glaziovi-

ana and O. data, a common congener at one site

(no. 5), and one population appeared to be O.

wolfii, but occurred in a novel location (no. 15).

A single leaf was collected from between four and
25 individuals in each population for subsequent

genetic analyses.

Tissue was prepared for isozyme analysis

following the liquid nitrogen procedure using

Gottleib (1981) extraction buffer, as described in

NFGEL Standard Operating Procedures (USD

A

Forest Service 2003). Samples were frozen at

— 70°C until electrophoresis.

Electrophoresis took place on three buffer

systems (adapted from Wendel and Weeden
1989): a tris-citric acid gel buffer (pH 8.3) with

a lithium hydroxide-boric acid tray buffer

(pH 8.3; LB), a tris-citric acid gel buffer
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Table 1. Population Number, Name, Location (Latitude, Longitude), and Species Composition of 22
Sites Sampled for This Study. Species composition was determined by field observations and genetic analysis,

and is indicated by: WO = O. wolfii, GL = O. g/azioviana, HY = intermediate morphology potentially due to

hybridization, and UN = unknown taxonomy.

Number Name Location Species

1 Charleston, Coos Co., OR 43.3397N, 124.3308W GL
2 Crescent City, Del Norte Co., CA 41.7486N, 124.2022W GL
3 Manila, Humboldt Co., CA 40.8483N, 124.1650W GL
4 Trinidad, Humboldt Co., CA 41.0353N, 124.1058W GL
5 Junction City, Trinity Co., CA 40.7378N, 123.0575W UN
6 Port Orford City Park, Curry Co., OR 42.8320N, 124.5020W UN
7 Houda Point, Humboldt Co., CA 41.0359N, 124.1 187W WO
8 Port Orford Beach, Curry Co., OR 42.7318N, 124.4825W UN
9 Port Orford Bridge, Curry Co., OR 42.73 18N, 124.4825W UN
10 Luffenholtz, Humboldt Co., CA 41.0353N, 1 24.1 247

W

WO
11 Pistol River, Curry Co., OR 42.27 17N, 1 24.405 IW wo
12 Point St. George, Del Norte Co., CA 41.7778N, 124.2405W wo
13 Devil's Gate, Humboldt Co., CA 40.4055N, 124.3914W UN
14 Davis Creek, Humboldt Co., CA 40.3765N, 124.3725W wo
15 McKerricher State Park, Mendocino Co., CA 39.5146N, 123.7769W UN
16 Freshwater Spit, Humboldt Co., CA 41.2667N, 124.1058W WO
17 Crescent Beach, Del Norte Co., CA 41.7194N, 124.1447W wo
18 False Klamath Cove, Del Norte Co., CA 41.6027N, 124.1064W wo
19 Crescent Overlook, Del Norte Co., CA 41.7048N, 124.1447W wo
20 Klamath, Del Norte Co., CA 41.5151N, 124.0298W HY
21 Lucky Bear Casino, Del Norte Co., CA 41.9529N, 124.2022W HY
22 Fruit Station, Curry Co., OR 41.9984N, 124.2124W HY

(pH 8.8) with a sodium hydroxide-boric acid tray

buffer (pH 8.0; SB), and a citric acid-N-(3-

aminopropyl)-morpholine gel and tray buffer

(pH 8.0; MC8). A total of 15 loci were examined.

Four loci were resolved on the LB system:

phosphoglucose isomerase (PGI2), phosphoglu-
comutase (PGMl), and two loci in leucine

aminopeptidase (LAPl and LAP2). Four loci

were also resolved on the SB system: aspartate

aminotransferase (AATl), superoxide dismutase

(SODl), triosephosphate isomerase (TPIl), and
uridine diphosphoglucose pyrophosphorylase
(UGPPl). Seven loci were resolved on the MC8
system: two loci in esterase (ESTl and EST2),
fluorescent esterase (FESTl), isocitrate dehydro-
genase (IDH), malate dehydrogenase (MDH),
and two loci in 6-phosphogluconate dehydroge-

nase (6PGD1 and 6PGD2). All stain recipes were
adapted from Conkle et al. (1982). Banding
patterns were consistent with pubhshed protein

structure (Crawford 1989).

As a consequence of complex hybridity in O.

wolfii, the isozyme data resolved in this study

violate two assumptions common to most statis-

tical analyses designed for genetic data: indepen-

dent assortment of loci and random mating.

Multivariate analyses can often be used to

analyze co-dominant genetic data, but these

analyses require that errors (or residuals) are

normally distributed. This assumption is gener-

ally satisfied under independent assortment and
random mating, and experience shows that even

binary-scored markers can fit the assumption.

But, portions of the Oenothera isozyme data

violate these assumptions. Given the unique

nature of the genetic system of O. wolfii, and
the lack of statistical procedures available to

account for complex hybridity as a mode of

inheritance, an ad hoc approach involving two
statistical analyses was employed to determine if

hybridization occurs between O. wolfii and O.

glaziovianna: multivariate analyses over popula-

tions and individuals, and a maximum likelihood

analysis over populations. While acknowledging

that neither approach is statistically ideal, we
contend that given the unique nature of the

genome of Oenothera which may bias results of a

single statistical test, combining statistical analy-

ses with careful examination of the electropho-

retic patterns provides an informative approach
to describe the genetic similarities and potential

for hybridization between these species.

For the multivariate analysis, we scored each

allele as 1.0, 0.5, or 0.0 for homozygous,
heterozygous, or homozygous for another allele,

respectively (Westfall and Conkle 1992). These

scored data were submitted to a canonical

discriminant analysis. We first ran the analysis

on populations, without respect to species classi-

fication to determine if populations grouped by
species identity. We then contrasted these results

with a classification based on the apriori group-

ings. Based on the canonical discriminant plot,

each population was classified as either "pure"

(that is, a parental species) or "unknown" (that

is, either putative hybrid or unknown taxonomy)
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Table 2. Isozyme Diversity Summary Statistics for 22 Populations Described in Table 1. Means
OVER Species Include Only "Pure" Populations. = number of samples, P = percent polymorphic loci, A =
mean alleles per locus, Ap = mean alleles per polymorphic locus, //„ = observed heterozygosity, F = fixation index.

Variance reported in parentheses.

T^or\i il c\i^^^t^ p /±p 17/

Mean over species:

O. wo/fii 137 13.33 1.200 (0.293) 2.500 0.021 (0.005) -0.571

O. glazioviana 61 6.67 1.067 (0.062) 2.000 0.067 (0.062) - 1 .000

1 25 0.067 1.067 2.000 0.067 — 1 .000

2 17 0.067 1.067 2.000 0.067 — 1 .000

3 1

1

0.067 1.067 2.000 0.067 - 1 .000

4 8 0.067 1.067 2.000 0.067 - 1 .000

5 21 0.133 1.133 2.000 0.133 - 1 .000

6 6 0.133 1.133 2.000 0.078 -0.750

7 12 0.067 1.067 2.000 0.011 —0.048

8 9 0.067 1.067 2.000 0.067 - 1 .000

9 9 0.067 1.067 2.000 0.067 - 1 .000

10 13 0.067 1.067 2.000 0.015 -0.091

11 25 0.000 1.000 n.a. 0.000 0.000

12 19 0.067 1.067 2.000 0.018 -0.125

13 10 0.200 1.200 2.000 0.073 0.214

14 9 0.133 1.133 2.000 0.067 -0.385

15 10 0.000 1.000 n.a. 0.000 0.000

16 25 0.000 1.000 n.a. 0.000 0.000

17 5 0.000 1.000 n.a. 0.000 0.000

18 25 0.067 1.067 2.000 0.067 - 1 .000

19 4 0.000 1.000 n.a. 0.000 0.000

20 10 0.067 1.067 2.000 0.067 - 1 .000

21 10 0.067 1.067 2.000 0.067 -1.000

22 5 0.067 1.067 2.000 0.067 -1.000

(Table 1). The allele frequencies observed over all

pure populations of each species were then used

as the basis to classify each unknown population

using the methods described above. These anal-

yses were done in JMP (SAS Institute, Inc, 2004).

This software's canonical discriminant analysis is

based on Bayesian probabihties, whereby, in well-

differentiated species, individuals of one species

will have a probability of 1.0, those of the other

species, 0.0, and those of hybrid or backcross

types will have probabilities between 1.0 and 0.0.

The second analysis estimates the frequency of

six genealogical classes (each parental class, first-

and second-generation hybrids, and first genera-

tion backcross to each parent species) in each

population based on the maximum likelihood

estimates of the multilocus genotypes observed in

a population arising from the allele frequencies

observed in each of the pure parental species

(Nason et al. 2002). While this method assumes
both independent assortment of alleles and
random mating within each population, assump-
tions that are violated here, it includes all loci in

the data set in the maximum likelihood estima-

tions, without requiring unique alleles in each

parent species (Nason et al. 2002).

Finally, the conclusions from each statistical

analysis were considered in the context of the

alleles observed in each genotype in the nine

unknown populations, with particular attention

given to those loci displaying alleles unique to at

least one parental species.

Results

Six of the 15 loci examined were polymorphic:

6PGD2, AATl, UGPPl, FESTl, ESTl, and
EST2 (Appendix A). Four loci displayed varia-

tion within or among populations of the pure

species, and two loci contained variation in

unknown populations not observed in either pure

species. Low levels of genetic variation were

observed over all populations surveyed (Table 2).

Based on the mean over species, O. wolfii

contained higher levels of polymorphism (percent

polymorphic loci, P = 13.3), alleles per locus {A
= 1.20), and alleles per polymorphic locus {Ap =

2.50), but lower levels of heterozygosity (observed

proportion of heterozygotes, //q = 0.021) than O.

glazioviana (P = 6.67, A = 1.07, Ap = 2.00, Ho =

0.067). Many populations displayed an excess of

heterozygotes, as indicated by fixation indices,

which is consistent with complex hybridity

(Table 2).

Multivariate analyses over populations indi-

cated sufficient genetic differentiation exists to

distinguish between O. wolfii and O. glazioviana

(Fig. 2). In general, populations grouped by
species identity as defined in field observations,

with the majority of populations being separated
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Fig. 2. Distribution of populations along the first two
canonical variables produced by a discriminate coordi-

nate analysis. Populations classifications and numbers
correspond to Table 1. Canl = first canonical variable,

Can2 = second canonical variable.

by species identification along the second canon-

ical axis (Fig. 2). However, the first two canonical

coefficients revealed greater genetic differentia-

tion than predicted among populations classified

as O. wolfii from morphological characteristics.

In particular, three populations from Oregon,

nos. 6, 8, and 9, were genetically distinct from the

other populations considered pure O. wolfii

(Fig. 2). Additionally, population 13 was inter-

mediate to the two parental species (Fig. 2). As a

result of these observations, these four outlying

populations were classified as unknown taxono-

my for the remaining statistical tests, reducing the

number of O. wolfii populations to those listed in

Table 1.

No evidence of hybridization (or admixture)

was found using the Bayesian classification

analysis of individuals. Bayesian tests classified

all individuals as either pure O. wolfii or pure O.

glazioviana (Table 3); no intermediate probabili-

ties were observed. Samples from three popula-

tions identified as pure O. wolfii based on
morphological observations were classified as O.

glazioviana (nos. 6, 8, and 9). Of the three

remaining populations of unknown taxonomy,
all individuals from one population were classi-

fied as O. glazioviana (no. 5), all from another as

O. wolfii (no. 15) and the final population
contained a mixture of individuals classified as

both pure species (no. 13). Of the three popula-

tions classified as hybrid based on morphological
observations, genetic analyses classified samples

from one as O. wolfii (no. 20), and those from the

other two as O. glazioviana (nos. 21 and 22).

Genealogical class frequency estimates were
also inconsistent with morphological predictions

(Table 3). Unlike the Bayesian classifications,

however, some genotypes were identified as

consistent with hybrid origin. Of the populations

identified as pure O. wolfii a priori, three were
classified as hybrids (nos. 6, 8, and 9), and a

fourth (no. 13) was classified as a mixture of O.

wolfii and hybrids. Consistent with the Bayesian

classifications, two of the putative hybrid popu-
lations were classified as O. glazioviana (nos. 21

and 22), although the third was classified as

backcross to O. wolfii (no. 20).

Discussion

Does sufficient genetic variation exist to

discriminate between species?

In genetic studies of hybridization, the genetic

variation in each species is often defined by
identifying ''pure" populations from morpholog-
ical observations and assaying each for genetic

markers. Alternatively, multivariate analyses

such as the canonical discriminant analysis

described above, can identify genetically similar

or distinct populations without a priori classifi-

cation. In this study, the canonical discriminant

Table 3. Classification of Nine Populations of Unknown or Hybrid Origin Based on 6 Variable
Isozyme Loci. See text for details of the Bayesian classifications and genealogical class freuqencies. Isozyme
phenotypes are classified by the presence of alleles found to be unique to either parental species.

Field Bayesian Genealogical

Population Observations classification class frequency Isozyme phenotype

5 Unknown O. glazioviana Backcross to O. Neither species or Hybrid
glazioviana

6 O. wolfii O. glazioviana Hybrid Hybrid
8 O. wolfii O. glazioviana Hybrid Hybrid
9 O. wolfii O. glazioviana Hybrid Hybrid
13 O. wolfii Mix of pure parental Mix of O. wolfii and Mix of O. wolfii and Hybrid

individuals Hybrid
15 O. wolfii O. wolfii O. wolfii O. wolfii

20 Hybrid O. wolfii Backcross to O. wolfii Hybrid
21 Hybrid O. glazioviana O. glazioviana O. glazioviana

22 Hybrid O. glazioviana O. glazioviana O. glazioviana
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analysis indicated that four populations which
were identified as O. wolfii in field observations

were genetically distinct from the other O. wolfii

populations (Table 3, Fig. 2). Given the striking

genetic differences between these populations, the

four outliers were treated as "unknown" taxon-

omy for the remaining data analyses and
interpretation.

The multivariate analysis also indicates that

sufficient genetic differentiation exists between
the nine O. wolfii populations and four O.

glazioviana populations to discriminate between
the parental species (Fig. 2). Although isozyme
markers revealed low levels of variation in O.

wolfii and O. glazioviana (Table 2), greater

variation was observed in O. wolfii (0-20%
polymorphic loci) than O. glazioviana (6.7%
polymorphic loci), and all samples from "pure"

O. glazioviana populations (nos. 1^) shared a

common genotype: heterozygous at AATl, and
monomorphic at all other loci. O. wolfii con-

tained a greater number of alleles per locus (1.20

compared to 1.07 in O. glazioviana), and dis-

played greater levels of fixation (
— 0.57 compared

to —1.00 in O. glazioviana).

However, had four populations initially con-

sidered O. wolfii (nos. 6, 8, 9, and 13) been

included in the description of the parental species,

the genetic differentiation would have been much
less pronounced. Specifically, analyzing these

populations as O. wolfii would affect the distri-

bution of alleles at locus 6PGD2, making allele

6PGD2-2 no long unique to O. glazioviana, but

shared between the species. Allele AAT-1 would
remain unique to O. glazioviana, however. This

difference would have likely reduced but not

removed the ability of the multivariate and
genealogical class frequency analyses to distin-

guish between pure and hybrid individuals.

These analyses are compHcated, however, by
the occurrence of alleles in several populations

that are not observed in either pure species

(Appendix A). There are three possible explana-

tions for these observations. First, these alleles

may be present in other populations of either or

both parental species that were not sampled for

this study. Second, considering populations 6, 8,

and 9 as O. wolfii as per field observations would
make alleles ESTl-2, EST2-2, and FESTl-2
unique to O. wolfii. As population 20 has

consistently been considered of putative hybrid

origin, such a change in classification of other

populations would not explain the origin of allele

FESTl-3. Third, the model we are testing, that all

populations are either pure O. wolfii, pure O.

glazioviana, or an admixture of the two, may not

explain the genetic structure observed. Past

hybridization and introgression between O. wolfii

and a third, unidentified species (possibly O.

elata) may explain the high frequency of alternate

alleles observed in some test populations. As no

data were collected from other Oenethera species,

we cannot test this alternate model.

Analyzing genetic data from these species and
conclusively identifying hybrid individuals is

further complicated by the recombination system
displayed by O. wolfii. As a complex hybrid,

putative diploid individuals contain not two
copies of a single genome, but one copy each of
two distinct genomes. Wasmund and Stubbe
(1986) showed that O. wolfii maintains this

heterozygosity through self-fertilization coupled
with balanced lethals. This recombination system
causes species to be functional apomicts, typically

displaying little genetic variation and heterozy-

gosity (Russell and Levin 1988). The low levels of

allelic diversity and near lack of genotypic
diversity observed in O. wolfii are consistent with

these expectations. Although sufficient genetic

variation exists to allow differentiation of pure
species and identification of hybrid individuals,

the lack of recombination and independent
assortment at meiosis means that these data

violate the assumptions common to most statis-

tical analyses. Thus, standard statistical methods
of identifying and monitoring hybrid swarms
may not be applicable to O. wolfii. In order to

appropriately interpret genetic data without
loosing information due to violations of model
assumptions, comparing the results of multiple

statistical analyses coupled with phenotypic
descriptions of the multilocus genotypes provides

insight into the origin of unknown or putative

hybrid populations.

As a final caveat, interpretation of this data set,

as well as its application in future studies, must be

considered in the context of the small sample sizes

at some populations and the small number of

pure O. glazioviana populations sampled. Anal-

ysis of additional "pure" populations of O.

glazioviana may identify additional unique alleles

or reveal alleles thought to be unique to O. wolfii

to be shared by the two species. Either observa-

tion could change the classification of unknown
samples and the conclusions herein. Ultimately,

this data set represents a fraction of the

Oenothera genome, and may not completely

represent the levels of variation or hybridization

in these species.

Can hybrid populations be identified

using isozymes?

The genetic differences observed between the

nine populations of O. wolfii and the four

populations of O. glazioviana are sufficient to

allow identification of hybrid populations. Re-

sults of the two statistical analyses are inconsis-

tent, but indicate that hybridization may occur at

a rate greater than that expected from morpho-
logical observations. The multivariate classifica-

tion of the six unknown and three putative hybrid
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populations identified each collection as either

parental species or a mixture of the two (Table 3).

The genealogical class frequency estimates, by

contrast, only identified three populations as

either parental species, and the remaining popu-

lations as some hybrid origin (Table 3). This lack

of consensus between analyses may be a conse-

quence of the violations of the statistical assump-

tions these data present. Three general conclu-

sions can be made when the field observations

and statistical analyses are considered together.

First, populations 6, 8, 9, 13, and 20 are distinct

from either parental species. Second, populations

5, 21, and 22 more closely resemble O. glazioviana

than O. wolfii. Third, population 15 is consistent

with being O. wolfii both morphologically and
genetically.

What is the frequency of hybrid individuals in

natural populations?

Although population-level analyses to detect

hybridization produced inconsistent results, care-

ful consideration of the multilocus genotypes

demonstrates that plants from six populations

display alleles unique to both parent species, and
are thus consistent with hybrid origin (Appen-
dix B). Samples from four populations consid-

ered O. wolfii from field observations (nos. 6, 8,

9, and 13) contained one allele unique to O.

glazioviana (6PGD2-2) as well as one unique to

O. wolfii (UGPPl-2). Had these populations been
considered pure O. wolfii for the classification

tests, and allele 6PGD2-2 would consequently be

shared between the parental species. However,
populations 6, 8, and 9 also displayed three alleles

not observed in either parental species, EST I -2,

EST2-2, and FESTl-2. These alleles may be
unique to either parental species but not detected

in the pure populations, or it may be the result of

introgression with another Oenothera species (e.g.

O. elata). As no other species was included in this

study, no conclusions can be made regarding the

origin of these alleles from these data.

The genotype observed in population 5 is

consistent with hybrid origin irrespective of the

classification of populations 6, 8, and 9, as it

contains the alternate allele unique to O. gla-

zioviana, AATl-2, as well as the allele unique to

O. wolfii, UGPPl-2. Similarly, the genotype
observed in population 20 is also consistent with
a hybrid origin, containing the O. glazioviana

allele AATl-2 as well as the O. wolfii allele

6PGD2-1. However, the genotype in population
20 also contains two alleles observed in popula-
tions 6, 8, and 9 (EST 1-2 and EST2-2), as well as

an allele unique to its population (FESTl-3).
Again, given the absence of these alleles in either

parental species and the lack of other Oenothera
species in this study, the origin of these alleles

cannot be determined.

Despite violations of assumptions in each
statistical analysis, this genetic study reveals

evidence of hybridization between the rare

endemic O. wolfii and the garden escape O.

glazioviana. A number of genotypes contain

alleles found to be unique to each pure species

(Appendix B), an observation most easily ex-

plained as evidence of hybrid origin. These results

indicate hybridization may occur at a greater rate

than expected based on morphological observa-

tions alone. Although the genetic structure of

population 20, a putative hybrid population

found to contain an intermediate genotype,

demonstrates that not all hybridization events

will lead to the genetic swamping of the rare

species, timely removal of O. glazioviana plants

from sympatric sites may be warranted to prevent

further loss of the endemic genotype.

While the isozyme loci used here provide alleles

unique to each parent species, and thus the ability

to identify hybrid individuals, the direction of

hybridization and introgression cannot be as-

sessed due to their bi-parental inheritance.

Assaying these species for variation at maternal-

ly-inherited markers (e.g., chloroplast haplo-

types), and combining data from those markers
with data from isozyme or other nuclear markers
may provide the power to determine which
species is serving as the seed donor in each

hybridization, and thus determine if O. wolfii

flowers are being swamped by O. glazioviana

pollen. In addition, including O. elata in future

studies would be prudent given the high rates of

hybridization between many members of this

genus.
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Appendix B. Genotypes at Six Variable Isozyme loci Observed in the 22 Populations Described in

Table 1 . Genotype Code identifies each unique genotype observed in the study. * Genotype contains alleles unique
to both parent species.
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LEAF ANATOMY OF ORCUTTIEAE (POACEAE: CHLORIDOIDEAE): MORE
EVIDENCE OF C4 PHOTOSYNTHESIS WITHOUT KRANZ ANATOMY
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Abstract

C4 photosynthesis without Kranz anatomy (single-cell C4 photosynthesis) occurs in only 0.003% of

known species of C4 flowering plants. To add insight into the evolution of C4 photosynthesis, we
studied the tribe Orcuttieae (Poaceae: Chloridoideae), which has species that can grow under both

aquatic and terrestrial conditions, and utilize single-cell C4 photosynthesis when growing submerged.

Carbon isotope ratios from aquatic, floating, and terrestrial leaves were in the range —12.25 to

— 14.31, suggesting that all species carry out C4 photosynthesis. Using light microscopy, we examined
the anatomy of aquatic, floating and terrestrial leaves from eight of the nine species in the tribe to

assess the pattern of evolution of C4 photosynthesis and Kranz anatomy among these vernal pool

grasses. Kranz anatomy was present in all floating and terrestrial leaves of Orcuttia ca/ijornica, O.

imiequalis, O. pi/osa, O. tenuis, O. viscidcLTuctoria greenei\ T. luucrouata, and Neostapjia colusaua.

Although carbon isotope data indicated C4 photosynthesis, aquatic leaves of all members of Orcuttia

lacked Kranz anatomy, while aquatic leaves of Tuctoria and Neostapjia possessed Kranz anatomy.
When considered in a phylogenetic context, these findings support previously proposed hypotheses

suggesting that Orcuttieae are derived from a terrestrial ancestor and are now becoming more
specialized to an aquatic environment.

Key Words: C4 photosynthesis, Chloridoideae, Kranz anatomy, Neostapjia, Orcuttia, Orcuttieae,

Poaceae, Tuctoria, single-cell C4 photosynthesis, vernal pool.

Since the discovery of C4 photosynthesis in the

1960's, there has been great interest in document-
ing the biochemical and anatomical features of

the process since it has a much greater photo-

synthetic capacity as compared to C3 photosyn-
thesis from which it has been derived (Leegood
2002). In the chloroplast, the C3 pathway
assimilates CO2 to form phosphoglycerate
(PGA), catalyzed by the enzyme ribulose bispho-

sphate carboxylase oxygenase (RUBISCO). The
C4 pathway, observed in 19 plant fainilies

(Kellogg 1999; Sage 2004), couples the C3
pathway with a prior carboxylation step cata-

lyzed by phosphoenolpyruvate carboxylase (PEP-
case), producing four-carbon organic acids such
as malate and aspartate. Initial carboxylation by
PEPcase and subsequent decarboxylation of the

C4 products, acts as a carbon concentrating

mechanism that effectively minimizes the oxy-

genase activity of RUBISCO and minimizes
photorespiration, increasing quantum yield at

the low CO2 concentrations (Ehleringer et al.

1991; Sharkey 1988). In most C4 species, the

carbon concentrating activity depends upon the

presence of Kranz anatomy in leaves. Kranz
anatomy is the wreath of radially arranged
mesophyll cells surrounding the bundle sheath
Haberlandt (1882, 1914). In these species, PEP-

- Current Address: USDA, ARS, USHRL, 2001
South Rock Road, Fort Pierce, FL 34945.

''Author for correspondence (E-mail lboykin@
macworld.com)

case activity is restricted to mesophyll cells while

RUBISCO activity occurs in the bundle sheath

cells, in the high CO2 microenvironment created

by the decarboxylation of C4 products.

It has been generally accepted that Kranz
anatomy is essential for C4 photosynthesis

(Kellogg 1999), but several studies have shown
otherwise for submerged monocots (Keeley

1998), submerged dicots (Casati et al. 2000; de

Groote and Kennedy 1977; Holaday and Bowes
1980; Lara et al. 2002; Salvucci and Bowes 1983;

Spencer et al. 1996), and terrestrial dicots (Freitag

and Stichler 2002; Sage 2002; Voznesenskaya et

al. 2002; Voznesenskaya et al. 2001). With the

exception of a few terrestrial dicot taxa, the

majority of species that lack Kranz anatomy are

aquatic (Bowes et al. 2002). The aquatic plants

that have C4 photosynthesis without Kranz
anatomy are: Hydrilla verticilhita (Holaday and
Bowes 1980; Magnin et al. 1997; Salvucci and
Bowes 1983; Spencer et al. 1996), Egeria clensa

(Casati et al. 2000; Lara et al. 2002), Elodea

canadensis (de Groote and Kennedy 1977), and
the tribe Orcuttieae (Keeley 1998).

Orcuttieae is a small tribe of semi-aquatic

grasses (three genera and nine species) restricted

to vernal pools in California and Baja California.

Vernal pools result from an unusual combination
of soil conditions, summer-dry Mediterranean

climate, topography, and hydrology. These pools

form in small depressions that are filled by winter

precipitation and retain moisture longer than

surrounding grasslands before evaporation dur-



144 MADRONO [Vol. 55

Table 1. Locality Information Provided for Orcuttieae Samples Included in the Leaf Anatomy
AND Carbon Isotope Analysis. Voucher specimens are deposited at University of New Mexico Herbarium
(UNM) (except for Titctovia fnigilis which is located at University of Arizona [ARIZ]). Collectors of plant material

were Laura M. Boykin (LMB), Paula M. Hall (PMH), and John Reeder.

Species Location Voucher Latitude Longitude

Orciittici californica y-dSQy Riverside, Co. LMB & PMH 44 33 43'356" 117 03'3045"

Oi-cuttia imieqiiaUs WooMQV Merced, Co. LMB & PMH 32 37 14.818" 120 13.521"

Ora//r/V/ vwr/V/rt (Hoover) J. Reeder Sacramento, Co. LMB & PMH 42 39 31'291" 121 11'345"

Orcuttia pilosa Hoover Tehama, Co. LMB & PMH 16 39 54.407" 122 58.942"

Orcuttia tenuis A.S.W\ic\\c. Shasta, Co. LMB & PMH 62 40 17'115" 122 07'185"

Tiictoria greenei (Vasey) J. Reeder Tehama, Co. LMB & PMH 28 39 54.124" 121 58.963"

Tuctoria fragilis (Swallen) J. Reeder B.C.S., Mexico J. Reeder 7141

Tiictoria miicromita (Crampton) J. Yolo, Co. LMB & PMH 19

Reeder
Ncostcipfia co/usana Davy Yolo, Co. LMB & PMH 21 37 14.852" 120 37.130"

Baja California Sur, Llanos de Hiray

38 29.509" 121 41.157"

ing the hot, dry summer causes the pools to

shrink and eventually disappear. As a result,

vernal pool habitat represents a continuously

changing environment, which contains a special-

ized biota and relatively large numbers of

threatened and endangered species (Holland
and Jain 1977) including the Orcuttieae. Orcut-

tieae are unusual among C4 plants because they

spend a large portion of their life cycle as

submerged aquatics (Ehleringer and Monson
1993). The presence of C4 photosynthesis in this

group may have been favored because it reduces

water loss at anthesis when the pools are dry in

late summer and plants are subjected to drought

and high temperatures (Keeley 1998).

C4 plants are divided into three biochemical

subtypes that differ mainly in the C4 acid

transported into the bundle sheath cells (malate

and aspartate) and in the way in which it is

decarboxylated; they are named, based on the

enzymes that catalyze their decarboxylation,

NADP-dependent malic enzyme (NADP-ME)
found in the chloroplasts, NAD-dependent malic

enzyme (NAD-ME) found in the mitochondria,

and phosphoenolpyruvate (PEP) carboxykinase

(PCK), found in the cytosol of the bundle sheath

cells (Edwards and Walker 1983; Ghannoum et

al. 2001; Hatch 1987; Hatch et al. 1975; Jenkins et

al. 1989). Anatomically, the three subtypes of C4
photosynthesis differ in chloroplast position and
cell outline of the bundle sheath cells (Hattersley

and Browning 1981; Hattersley and Watson
1976; Hattersley and Watson 1992; Prendergast

and Hattersley 1987). Both NADP-ME and PCK
have an uneven outline of the bundle sheath cells,

while NAD-ME has an even outline. The
chloroplasts in the bundle sheath cells of
NADP-ME and PCK have a centrifugal position,

while NAD-ME has a centripetal position.

Keeley (1998) provided photosynthetic and ana-

tomical data for four of the nine species of

Orcuttieae: Orcuttia cciUfornica, O. viscida, Tuc-

toria greenei, and Neostapfia colusana. In addi-

tion, he found that all species examined in his

study had the NADP-ME C4 photosynthetic

subtype based on chloroplast position and bundle
sheath cell outline. The exception, A^. colusana,

had high activities of both NADP-ME and
NAD-ME in pulse-chase experiments indicating

a mixed subtype (Keeley 1998).

The most unexpected finding of Keeley (1998)

was that aquatic leaves of Orcuttia californica and
O. viscida carry out C4 photosynthesis but lack

Kranz anatomy while terrestrial and floating

leaves of these species carry out C4 photosynthe-

sis with Kranz anatomy. The other members of

the tribe included in his study, Tuctoria greenei

and Neostapfia colusana, carry out C4 photosyn-
thesis but possess Kranz anatomy in both aquatic

and terrestrial leaves. The photosynthetic and
anatomical diversity that exists among such

closely related taxa provides a unique opportu-

nity to study the evolution of single-cell C4
photosynthesis. Single-cell C4 photosynthesis in

aquatic plants has generated great interest as the

system that may hold promise for genetic

engineering in C3 plants (Leegood 2002).

To assess the anatomical and photosynthetic

pathway variation of all species in the Orcuttieae

(excluding Tuctoria fragilis), we surveyed leaf

anatomy at the aquatic, floating and terrestrial

stages using light microscopy and carbon isotope

ratio of leaf tissue. Leaf anatomy and carbon
isotope data for four species of Orcuttieae, O.

inaequalis, O. tenuis, O. pilosa, and T. mucronata
are presented for the first time.

Methods

Seed and Soil Collection

Seeds, and associated soil, of eight species in

Orcuttieae were collected from vernal pools

throughout the geographic distribution of Orcut-

tia, Tuctoria, and Neostapfia (Table 1) (federal

permit # TE-029387-0 and California state

permit # 00-04). Collections were made from
different populations of the species {Orcuttia
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californica, O. viscida, Tuctoria greenei, and

Neostapfia coluscma) than those previously sam-

pled by Keeley (1998). Exact locaHty data for all

collections are provided in Stone et al. (1988) and

the California Natural Diversity Database
(CNDDB [CDFG 2007]).

The ninth species in Orcuttieae, Tuctoria

frcigilis\ could not be sampled due to the lack of

living plants in the only known population in

Baja California Sur. Cold stratification of the soil

collected from the Llanos de Hiray, the only

known location for T. fragi/is, produced no seed

germination. Terrestrial leaves for carbon isotope

analysis were obtained from herbarium speci-

mens provided by J. Reeder.

Seed Germination

Leaves for anatomy and carbon isotope

measurements were obtained for eight species

by growing plants from seed modifying the seed

germination procedures of Griggs (1974, 1980).

Orcuttia tenuis, O. pilosa, and Tuctoria greenei

germination requires an initial period of cold

stratification in cool, wet conditions followed by
a gradual increase in daily temperature to a

maximum of 32°C and a minimum of 15 C
(Griggs 1974). Experiments with all Orcuttia

species and Tuctoria greenei showed that naked
seeds cannot be germinated in the laboratory,

regardless of treatment (Griggs 1980). A germi-

nation rate of 90-100% is possible when sub-

merged inflorescences containing ripe seeds are

allowed to become completely engulfed by an
aquatic fungus (Griggs 1980). After unsuccessful

attempts using calcium carbonate-rich local clay

soil in New Mexico, germination of seeds of all

species except Tuctoria fragilis was achieved using

soil collected from natural vernal pools at the

time of seed collection.

Whole inflorescences from field-collected ma-
terial were placed in petri dishes containing

50 mL of deionized (DI) water and placed at

20 C for three weeks. Soil was placed in 4-inch

pots, saturated with Dl water, and placed at 20 C
for three weeks. Whole inflorescences were buried
in the cold-stratified soil after the three-week cold

stratification. The pots were submerged in tubs

filled with DI water and placed in a greenhouse at

the Department of Biology, University of New
Mexico. DI water was added to the tubs daily.

Approximately four months after the soil and
seeds were submerged, the DI water was allowed
to evaporate completely and the plants were
exposed to the air.

Collection of Leaf Material

Once plants were established in the greenhouse,
leaves were sampled as the different stages
became available (aquatic, floating and terrestri-

al). Aquatic leaves were collected three months
after the seeds and soil were submerged. Floating

leaves were collected the first week after they

reached the surface of the water. Terrestrial

leaves, which developed entirely in air, were
collected approximately two weeks after the tubs

had completely dried down. All leaf material was
cut into small pieces and fixed for one week in

formalin acetic acid (FAA) (Berlyn and Miksche
1976).

Dehydration, Infiltration, and Sectioning of

Leaf Tissue

Fixed leaf material was removed from the

FAA and placed in 70% ethanol overnight and
changed five times in the 24 hr period. The leaf

material was put through an ethanol dehydration

series: 95% ethanol for 20 min, twice; and 100%
ethanol for 20 min, three times. Ethanol dehy-

dration was followed by three washes of pure

propylene oxide for 20 min each. Leaf samples
were then infiltrated with Epon LX112 resin

(Ladds Scientific, Williston). An epon mixture of

4:6 (epon A:epon B) was used in all the

infiltration steps after mixtures of 3:7 and 2:8

produced unsatisfactory hardness for cross-sec-

tioning. The epon mixture of 4:6 was diluted for

the first infiltration step in a 1:1 ratio with

propylene oxide for three hours. The tissue was
then transferred to a 3:1 mixture of epon (4:6) to

propylene oxide and infiltrated overnight. The
samples were then placed in molds (Pelco, 105)

filled with only epon 4:6 and left for ten hours.

The final step was to transfer the leaf material

into a new mold filled with epon 4:6 and incubate

at 60°C for 18 hr. Sections 7 |am thick were cut

with an ultra-microtome (Sorvall MT2-B) and
stained with a 1:1 mixture of 1% azure II and 1%
methylene blue. Light microscopy was used to

determine presence of Kranz anatomy. All leaf

sections were photographed at final magnifica-

tions of 20X and 40x with a Nikon Coolpix 990
attached to a Nikon Eclipse E400 microscope.

'^C/'-C Isotope Values

'''C/'-C isotope ratios were determined in leaf

tissue to assess the photosynthetic pathway.
' ^C/'-C isotope ratios of Orcuttieae aquatic and
terrestrial leaves were obtained using a Delta E
mass spectrometer in the Earth and Planetary

Sciences Department at the University of New
Mexico. 6'^C values, a measure of the carbon
composition, were determined on plant samples

using standard procedure relative to PDB (Pee

Dee Belemnite) limestone as the carbon isotope

standard (Bender et al. 1973). Isotope studies

have demonstrated that C4 has less negative 6'^C

values than those found in C3 plants (Bender

1968; Bender 1971; Smith and Epstein 1971). This

I



Fig. 1 . Transverse sections ot aquatic, floating and terrestrial leaves of Orcuttieae. Aquatic leaves were taken at a

20X magnification while floating and terrestrial leaves are a 40x magnification.

difference in isotopic composition has become a

standard mechanism for distinguishing plant

tissues from these two groups, with C3 plants

having a ratio of —20 to —35% and C4 plants

having values of -9 to -14% (Bender 1971).

Results

Leaf Anatomy

Among the eight species of Orcuttieae sampled,
Kranz anatomy was absent in aquatic leaves of

O. pilosa, O. tenuis, and O. imiequalis but present

in floating and terrestrial leaves of these species

(Fig. 1). In addition, we confirmed this pattern,

previously observed in aquatic and terrestrial

leaves by Keeley (1998), for the remaining two
species in the genus, O. viscida and O. califomica

(data not shown, see Keeley 1998 for photos).

Kranz anatomy was present in aquatic and
terrestrial leaves of T. niucronata (Fig. 1), and
we also confirmed this pattern in Tuctoria greenei

and Neostapfia colusana (data not shown, see

Keeley 1998 for photos).

Considerable morphological and anatomical

variation was present in the aquatic leaves of

Orcuttia. Orcuttia viscida, O. califomica, and O.

pilosa had linear leaves, while O. inaequcdis and
O. tenuis had terete leaves, due to folding of the

leaves so the margins nearly touch (Fig. 1).

Extensive lacunae were evident in the Orcuttia

aquatic leaves while they were lacking in aquatic

leaves of Tuctoria and Neostapfia species.

Chloroplast arrangement was variable in the

terrestrial leaves of Orcuttia (Fig. 1). Orcuttia

inaequcdis, O. viscida (not shown), and O. tenuis

exhibited centrifugal arrangement of chloroplasts

in terrestrial leaves, while O. califomica (not

shown) and O. pilosa had chloroplasts arranged

around the outer edge of the cell. Floating leaves

of Orcuttia all have centrifugal chloroplast

distribution in the bundle sheath cells (Fig. 1

and Keeley 1998). Neostapfia colusana and T.

greenei have centrifugal distribution of chloro-

plasts in the bundle sheath cells (Keeley 1998).

Tuctoria niucronata aquatic leaves have the

chloroplasts in the bundle sheath cells distributed

centripetally (Fig. 1).
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Table 2. Stable Carbon Isotope Ratios in

Aquatic, Floating and Terrestrial Leaves of
Orcuttieae. Values shown are the mean of five

replicates ± 0.3 standard error. All dried material

excluding T. fragi/is was obtained from greenhouse

material. Tuctoria fragi/is material was obtained from

voucher specimens supplied by Dr. John Reeder. Values

represent 6^^C values (%o).

Species Aquatic Floating Terrestrial

Orcuttia californica -12.7 -12.7 -12.7

Orcuttia inaequalis -13.0 -12.8 -13.0

Orcuttia pilosa -12.7 -12.6 -12.8

Orcuttia tenuis -12.6 -12.4 -12.3

Orcuttia viscida -13.6 -13.7 -13.7

Tuctoria greenei -13.1 n/a -13.4

Tuctoria fragi/is -13.0 n/a -13.2

Tuctoria mucronata -13.6 n/a -13.6

Neostapfia co/usana -14.3 n/a -14.2

Carbon Isotope Ratio

The carbon isotope values for all Orcuttieae

from aquatic, floating (only present in Orcuttia)

and terrestrial leaves (Table 2) are within the

range exhibited by C4 plants (
— 9 to —14%).

Terrestrial, floating and aquatic leaves of all

species of Orcuttia had 6'''C values between
— 12.3 and — 13.7%o. Tuctoria aquatic and terres-

trial leaves had 6'^C values between —13.0 and
— 13.6%o. Neostapfia colusana aquatic and terres-

trial leaves had the most negative values (—14.3

and — 14.2%o respectively).

Discussion

Our findings revealed that C4 photosynthesis

occurs throughout Orcuttieae (Table 2) but with

considerable leaf anatomical variation (Fig. 1).

Aquatic leaves in all species of Orcuttia carry out

C4 photosynthesis (Table 2) in the absence of
Kranz anatomy (Fig. 1 and Keeley 1998). The
aquatic environment might result in less negative

isotope ratios because of diffusion limitations

(Osmond et al. 1981; Raven et al. 1982).

However, the consistency of the isotopic ratios

between aquatic and terrestrial leaves provide
strong circumstantial evidence that the underly-
ing biochemical pathway is C4. Floating and
terrestrial leaves of these same species utilize the

C4 pathway with Kranz anatomy. On the other
hand, both aquatic and terrestrial leaves of
Tuctoria mucronata, T. greenei and Neostapfia
carry out C4 with Kranz anatomy (Fig. 1).

Orcuttieae is unique among plants exhibiting

single-cell C4 photosynthesis because it produces
both an aquatic and a terrestrial phase of growth.
A single plant can be submerged for three months
with the aquatic leaves lacking Kranz anatomy
while three months later (after the water in the
pool has evaporated), the same plant produces
leaves with Kranz anatomy after exposure to the

terrestrial environment. Aquatic single-cell C4
photosynthesis has previously been documented
from several aquatic species in addition to

Orcuttieae: Hyclri//a verticil/ata (Holaday and
Bowes 1980; Salvucci and Bowes 1983; Spencer
et al. 1996; Magnin et al. 1997), Egeria densa

(Casati et al. 2000; Lara et al. 2002), and E/odea
canadensis (de Groote and Kennedy 1977).

Single-cell C4 photosynthesis also occurs in

several terrestrial species most notably Bienertia

cyc/optera and Borszczowia ara/ocaspica (Cheno-
podiaceae) (Voznesenskaya et al. 2001; Vozne-
senskaya et al. 2002; Edwards et al. 2004).

Orcuttieae is the only documented group of

species that is both aquatic and terrestrial in a

given year with attendant photosynthetic and
anatomical diversity.

The variation observed in chloroplast arrange-

ment (Fig. 1) suggests that the biochemical C4
subtype according to C4 acid decarboxylases

(NADP-malic enzyme, NAD-malic enzyme,
phosphoenolpyruvate carboxykinase) may differ

within Orcuttieae. Such variation, which is

common in plant families and genera (Kellogg

1999), has been documented previously in terres-

trial leaves of Orcuttia viscida (Keeley and
Rundel 2003) and O. tenuis (Sage et al. 1999)

which have a centrifugal (NADP-ME) and
centripetal (NAD-ME) chloroplast arrangement,
respectively. Additionally, our data showed
centrifugal (NADP-ME) and centripetal (NAD-
ME) chloroplast arrangement in terrestrial leaves

of Tuctoria greenei and T. mucronata, respective-

ly. Further research on Orcuttieae should include

analysis for type of C4 acid decarboxylases

(enzyme assays and western blots) to determine

the C4 photosynthetic subtypes (Edwards et al.

2004).

Although there are no apparent performance
advantages between NAD-ME and NADP-ME
(Voznesenskaya et al. 1999), the chloroplast

variation and inferred C4 subtype variation in

Orcuttieae (Fig. 1) indicates that there may have
been multiple independent origins of the NAD-
ME and NADP-ME sub-types in the tribe. A
switch in subtype could occur if the C4 pathway
were controlled by few regulatory genes, which
would make evolutionary changes in the pathway
expression relatively easy (Ehleringer and Mon-
son 1993; Ku et al. 1996; Monson 1996; Monson
1999). Variation in environmental conditions

such as, depth and length of inundation of the

vernal pools might also have led to variation in

chloroplast position. However, this is not a likely

explanation for our results because all samples in

this study were exposed to the same conditions

during growth and development.

The vernal pool environment in which Orcuttia

thrives, has apparently favored different patterns

of leaf development across leaf types (aquatic,

terrestrial and floating) while preserving the
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carbon-concentrating effects of C4 photosynthe-

sis (Keeley 1998). Aquatic plants that utilize the

C4 pathway are adapted to reduced levels of CO2
(Keeley 1998; Keeley and Rundel 2003) that are

largely unrelated to long-term patterns of atmo-
spheric CO2 (Keeley and Rundel 2003). For
example, Hydrilla verticillata switches between C3
and C4 photosynthesis in response to changes in

CO2 in the surrounding water driven by biogenic

depletion of carbon in dense mats of vegetation

(Salvucci and Bowes 1983). Similarly, the occur-

rence of Kranz anatomy in floating and terres-

trial leaves but not in aquatic leaves suggests that

leaf anatomical development responds to the

relative abundance of CO2 and O2 during growth
of individual leaves. Besides the relative amount
of CO2 and O2 around aquatic versus terrestrial

leaves, the high diffusive resistance to gases in the

aquatic environment may affect leaf anatomical
development. Manipulating the CO2 and O2
concentrations in water or air during develop-

ment of aquatic and terrestrial leaves, respective-

ly, could test this hypothesis.

Although the advantages of C4 in aquatic

leaves are known, the relative benefits associated

with the shift in leaf anatomy from aquatic to

floating and terrestrial leaves of Orcuttia remain
unclear. The dense vegetation, high light and high

temperatures in the shallow seasonal pools

inhabited by Orcuttieae lead to C02-depletion

and O2 supersaturation (Keeley and Busch 1984).

C4 photosynthesis, with or without Kranz
anatomy, is favored because its CO2 pumping
mechanism concentrates CO2 around the active

site of the enzyme Rubisco, maintaining a high

C02:02 ratio and eliminating photorespiration

(Ehleringer and Monson 1993) relative to C3
plants under the low C02:02 conditions in the

pools. Although the reduction in photorespira-

tion with C4 photosynthesis represents a clear

advantage over C3 plants in the same environ-

ment, any differences in performance between C4
leaves with and without Kranz anatomy await

additional studies. One possibility is that C4
without Kranz achieves similar rates of CO2
fixation with a reduced construction cost com-
pared to Kranz anatomy (Sage 2002).

The origin of aquatic C4 species varies among
taxonomic groups. The presence of C4 photosyn-
thesis in Hydrilla and Egeria, which comprise

separate lineages of Hydrocharitaceae, indicates

more than one origin of C4 within this family. All

taxa in the family are aquatic, and C4 is absent

from the nearest sister group (Kellogg 1999),

supporting an independent aquatic origin for C4.

However, the presence of C4 photosynthesis in

aquatic leaves of Orcuttieae show a very different

origin, one from a terrestrial C4 ancestor (Keeley

1998). Orcuttieae are one of four tribes in the

Chloridoideae, a subfamily of 1400 species, all

possess C4 photosynthesis; thus, Orcuttieae likely

were derived from upland C4 ancestors, and the

monophyly of the Orcuttieae are well supported
(Boykin 2003; Boykin et al. in revision; Hilu and
Alice 2001). Since Orcuttia has many aquatic

specializations, including the loss of Kranz
anatomy, Reeder (1982) and Keeley (1998)
suggest that it is the most derived genus in the

tribe. In a study of phylogenetic relationships in

the tribe, our data support the derived status of
Orcuttia (Boykin 2003). With the data presented

here together with that from previous studies

(Boykin 2003; Keeley 1998; Reeder 1982) we
believe Orcuttieae originated on land and has

subsequently become more specialized to an
aquatic environment.
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Abstract

Rare, parasitic plants pose an interesting challenge to restoration practitioners. In addition to the

problems associated with small population size, rare parasites may also be limited by their host

requirements. We examined how the performance of a rare Pacific Northwest hemiparasite, Castilleja

levisecta, was affected by the availability of different host combinations in the greenhouse and in the

field. Castilleja levisecta individuals were grown with two individuals of the grass Festuca roemeri, two
individuals of the aster Eriophyllum kinatum, one individual of each of these species (a "mixed"
treatment), or without any host. We did not find support for the complimentary diet hypothesis,

which predicts that parasites grown with multiple host species perform better than individuals grown
alone or with a single host. In the greenhouse, C levisecta individuals grown in the mixed treatment

had greater stem growth than those planted with F. roemeri, but did not differ from E. lanatum or no-

host treatments. In the field, vole activity had indirect effects on C. levisecta survival mediated through

host species: vole tunneling and C. levisecta mortality were strongly associated with host treatments

including E. lanatum. Vole tunneling and C levisecta mortality were strongly associated with host

treatments including E. lanatum. Field survival of no-host and F. roemeri treatments were significantly

higher than those grown with E. lanatum. Our results emphasize the importance of basing

conservation decisions on experimental research conducted under conditions similar to those of the

intended application, as greenhouse results were a poor predictor of field performance. For
restoration of endangered hemiparasitic plants, we recommend planting with hosts that are not

attractive to herbivores.

Key Words: Castilleja levisecta, complimentary diet hypothesis, host-use, rare hemiparasite,

reintroduction.

Parasitic plants are a dynamic component of

many plant communities capable of altering

productivity (Marvier 1998b; Matthies 1997),

competitive interactions (Gibson and Watkinson
1991; Matthies 1996), and community structure

(Gibson and Watkinson 1992; Press 1998).

Although many parasitic plants are agricultural

pests, some are of conservation concern and pose
an interesting challenge to restoration practition-

ers (Marvier and Smith 1997). In addition to the

diversity of obstacles typically encountered dur-

ing reintroduction, rare parasites may also be
limited by host requirements. Uncertainties asso-

ciated with parasite host specificity and the

availability and quality of hosts at restoration

sites are likely to impede parasitic plant reintro-

duction efforts (Marvier and Smith 1997).

Therefore, successful management of rare para-

sites necessitates consideration of their unique
biology. We conducted greenhouse and field

experiments with Castilleja levisecta Greenman
(golden paintbrush), a rare hemiparasite endemic
to the prairies of the Pacific Northwest of the

* Current address: University of Wisconsin-Madison,
Botany Department, 430 Lincoln Drive, Madison, WI
53706; email: balawrence@wisc.edu

United States, to evaluate its host preferences in

support of recovery actions.

Although facultative hemiparasites are photo-
synthetic and do not require a host plant, they

often form haustoria (i.e., physical connections

with other root systems) through which nutrients,

water, and secondary compounds are obtained

from the host (Kuijt 1969; Press 1989). In natural

systems, unattached mature facultative parasites

are uncommon, and attachment to a host

generally stimulates parasite fitness and growth
(Kuijt 1969). Most members of the genus
Castilleja are considered generalist hemiparasites,

capable of parasitizing multiple host species

(Dobbins and Kuijt 1973; Heckard 1962). How-
ever, the degree to which a host stimulates

hemiparasite fitness varies considerably among
host species (Chuang and Heckard 1971; Gibson
and Watkinson 1992; Marvier 1998b; Matthies

1996, 1997; Seel and Press 1993). Interactions

between plant parasites and host species can have

direct and indirect effects both on host and
parasite performance, as well as their pollinators

(Adler et al. 2001), and herbivores (Adler 2002,

2003; Adler et al. 2001; Marko 1996; Marvier

1996). Parasitic plants can acquire secondary

compounds from host species (Govier et al. 1967;

Schneider and Stermitz 1990; Stermitz and Harris
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1987), which in turn can alter species interactions.

For example, acquisition of alkaloids from the

host Lupinus a/bus directly reduced insect herbiv-

ory of Castilleja indivisa, and indirectly increased

pollination (Adler et al. 2001).

In the field, hemiparasitic plants often parasit-

ize several hosts simultaneously (Gibson and
Watkinson 1989; Matthies 1996). Generalist

hemiparasites may perform better on a mixed
diet relative to a homogenous diet due to

improved nutrient balance and/or dilution of

toxic secondary plant compounds (Marvier
1998a). Many taxa benefit from multiple food
sources, including some insects (Bernays et al.

1994), gastropods (Pennings et al. 1993), and
reptiles (Bjorndal 1991). Therefore, we propose
that providing multiple nutrient sources increases

individual fitness (the complimentary diet hy-

pothesis). We test this hypothesis by comparing
the size and survival of a rare hemiparasitic plant

in mixed host, single host, and no-host plantings.

Castilleja levisecta is a federally threatened

species and is currently restricted to eleven

populations in the Pacific Northwest. The species

is extinct in the southern portion of its historic

range, including the Willamette Valley, Oregon.
Federal recovery criteria for C. levisecta call for

the existence of 20 populations composed of 1000

flowering individuals (USFWS 2000). However,
the species has limited capacity for natural

dispersal and colonization of new sites, necessi-

tating ex situ conservation techniques to meet
recovery goals. Thus, a strategic reintroduction

plan has been prepared to support the long-term

viability of C. levisecta and requires the estab-

lishment of new populations within its historic

range (Caplow 2004). Although several studies

have investigated C levisecta host use (Pearson

and Dunwiddie 2006; Wayne 2004; Wentworth
2001), clarification of its host dynamics in a

restoration context is necessary before large scale

reintroduction efforts are pursued.

While C. levisecta does not require a host to

reproduce in a greenhouse environment and does

not appear to be host specific (Wentworth 2001),

evidence suggests planting C. levisecta in the field

with a perennial host increases size and repro-

ductive output (Pearson and Dunwiddie 2006;

Wayne 2004). Greenhouse observations suggest

that C. levisecta can form haustorial connections

with several perennial prairie species [e.g., Leu-

canthemum vulgare Lam., Eriophyllum lanatum

(Pursh) Forbes, Festuca roemeri (Pavlick) Alex-

eev, and Fragaria vesca L.], and with itself when
grown alone (Kaye 2001; Wentworth 2001). Field

experiments indicate that outplanting C levisecta

with F. roemeri increases the number of inflores-

cences produced compared to no-host controls,

although host presence did not affect field

survival rates (Wayne 2004). In addition, C.

levisecta is frequently eaten by small mammals

(Caplow 2004; Wayne 2004), but host-mediated
effects of herbivory on the species has not
previously been evaluated.

Here, we use greenhouse and field studies to

test the complimentary diet hypothesis and
examine how host-interactions affect herbivory

by rodents under field conditions, as well as

provide recommendations for future C. levisecta

recovery efforts.

Methods

Study species

Castilleja levisecta (Orobanchaceae, formerly

classified in Scrophulariaceae) is a short-lived (5-

6 yr), multi-stemmed, perennial endemic to the

native grasslands of the Western Pacific North-
west United States. It is an out-crossing species

primarily pollinated by Bombus spp. and is

known only to reproduce by seed (Kaye and
Lawrence 2003; Wentworth 2001). The eleven

remaining C levisecta populations are concen-

trated in the San Juan Archipelago of the Puget
Trough eco-region, and are found on sandy, well

drained soils of glacial origin (Chappell and
Caplow 2004). Despite the rarity of this species,

the remaining populations maintain unusually

high levels of genetic diversity compared with

other endemic species and members of the

Orobanchaceae (Godt et al. 2005).

Greenhouse experiment

To test for differences in C. levisecta perfor-

mance when grown with different host combina-
tions, we randomly assigned individuals to one of

four host treatments, including no-host (control),

two E. lanatum (Asteraceae) individuals, two F.

roemeri (Poaceae) individuals, or one individual

of each of these host species ("mixed"). We used

plant material from two C levisecta source

populations located on Whidbey Island, WA
(Ebey's Landing: 48°13'35"N, 122°46'00"W and
Forbes Point: 48°16'15"N, 122°37'35"W). Ap-
proximately twenty host treatment replicates

from each of these source populations were used

to test our hypotheses, for a total of 39 replicates

per host treatment (n = 156). Eriophyllum
lanatum and F. roemeri were used as host plants

because C levisecta forms haustorial connections

with these native perennials (Wayne 2004, Beth

Lawrence, pers. obs.), they are common at

southern extant populations (Chappell and Ca-
plow 2004), and are likely to be present at

reintroduction sites.

Castilleja levisecta capsules were collected from
17 maternal plants from each of the two source

populations in August 2003 to provide seeds for

this experiment and were germinated using the

methods outlined in Lawrence and Kaye (2005).
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On 1 December 2003, C. levisecta germinants

were planted into cell flats in a well-drained

medium amended with slow release micro- and

macro- nutrients and were placed in a greenhouse

with 400 watt high pressure sodium lights and

temperature fluctuating every 12 hr (12°C /18°C).

A randomized block design was implemented to

assign host treatments to C. levisecta individuals,

with source population and maternal line serving

as the blocking factors. Two maternal lines from

Ebey's Landing and three from Forbe's Point

were assigned to two blocks, because extra plants

from these maternal lines were available. Plants

were repotted into 3.8 L pots with their assigned

host treatment on 28 January 2004. Castilleja

levisecta individuals and potential hosts were

planted in a triangle with all plants 10 cm apart;

C. levisecta individuals assigned the no-host

treatment were planted in the center of the pot.

We used a no-host control rather than planting

three C. levisecta individuals together because we
had a limited number of plants. Eriophyllum

lanatum plants were rooted cuttings from Will-

amette Valley genetic stock provided by Heritage

Seedling Co., Salem, OR. We used F. roemeri

individuals grown from Willamette Valley seed

that were one year old when paired with C.

levisecta. We attempted to equalize above- and
below-ground biomass of provided hosts by
trimming them with shears. Plants were random-
ized on greenhouse benches and fertilized bi-

weekly with a liquid 15-30-15 fertilizer to

encourage growth and establishment.

We recorded total stem length, stem number,
and number of flowers produced by each C.

levisecta individual in May 2004, approximately

15 wk after potting the hemiparasites and hosts

together. Flowering had finished at this time, so

our measurements are considered estimates of

total fiower production. Plants were moved to a

shade-house in June 2004 and received supple-

mental water throughout the summer.

Field experiment

To test our host and herbivore hypotheses
under field conditions, we transplanted the same
potted plants with hosts used in the greenhouse
study to an upland prairie on 1 December 2004.

Our field site was located at Pigeon Butte, Finley

National Wildlife Refuge, OR (44°23'54"N,

123°19'11"W), in habitat likely to be used for

future C. levisecta recovery efforts in the Wil-

lamette Valley. The site had a high diversity of
native perennials and abundant non-native pas-

ture grasses (e.g., Festuca arundinacea Schreb.

and Arrhenatherum elatius (L.) P. Beauv. ex J.

Presl & C. Presl). It was situated on the shoulder
of a butte at 150 m elevation, dominated by silty-

clay-loam soils. Average annual precipitation in

this region is approximately 1 15 cm, with average

annual minimum and maximum temperatures of

5°C and 17°C, respectively (WRCC 2005).

We randomly planted host-parasite replicates

(each pot was a replicate) into the center of a

1 m^ plot within a 10 X 15-m grid fenced to

exclude deer. Deer are frequent herbivores of the

species and threaten extant populations; fences to

exclude deer have been built at two of the extant

C. levisecta populations (Beth Lawrence, pers.

obs.). Castilleja levisecta individuals and hosts

were dormant at the time of outplanting, and
senesced material was removed. A balanced

design could not be executed in the field because

some greenhouse plants died during the previous

summer. However, at least 22 replicates of each

of the four host treatments were transplanted into

the field (no-host, n = 39; F. roemeri, n = 31;

lanatum, n = 26; mixed, n = 22).

Field transplants were monitored in early June

2005 because surveys conducted in a companion
2004 field study revealed that transplants were at

their maximum size and peak inflorescence at this

time (Lawrence 2005). Vole abundance was
unusually high throughout the Pacific Northwest
during the 2005 growing season and all surviving

C. levisecta individuals at the field site were
subjected to herbivory, most likely from grey-

tailed voles (Microtus canicaudus) (Beth Law-
rence, pers. obs.). Stem length and/or number, as

well as flower and/or seed production were not

reliable measures of C. levisecta performance, as

herbivory appeared to stimulate resprouting,

alter plant morphology, and prevent individuals

from flowering (Beth Lawrence, pers. obs.).

Therefore, we used C. levisecta survival as the

response variable for the field component of our

study. Vole tunneling was also very frequent,

indicating herbivore pressure occurred in the root

zone as well as above ground. Tunnels were

unevenly distributed throughout the study area,

so herbivore pressure by voles was measured as

presence or absence of tunnels within 15 cm of

the transplant root crown.

Statistical analyses

We used multivariate analysis of variance

(MANOVA) with a Wilks' lambda multivariate

F test to simultaneously test for differences in C.

levisecta greenhouse response variables (stem

length, stem number, and flower number) among
host treatments. Prior to IMANOVA analysis,

stem number was log-transformed to improve

homoscedasticity. Castilleja levisecta source pop-

ulation and maternal effects were used as

blocking factors in this analysis because differential

growth among populations and individuals from
different maternal lines has been observed in this

species (Kaye 2001). However, we focus our

analysis on host treatment effects. Following

MANOVA, univariate ANOVAs were conducted
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Table 1. Results from Univariate ANOVAs Testing the Effect of Host Treatment (host), Source
Population (source), Maternal Line (matline), and the Host Treatment*Source Population
Interaction (host*source) on the Number of C. Levisecta Flowers Produced (Flower #), Number
OF Stems (Stem #), and Total Stem Length (Stem Length) in the Greenhouse. Significant effects at a =
0.05 denoted with *.

RESPONSE EFFECT DF MS F P

1 IVJWCl
-ff~ J 474 0.84 0 4.7yj .'-T 1

source 1 18313 32.32 <0.001*
matHne 32 877 1.55 0.048*

host*source 3 38 0.067 0.98

Stem # host 3 0.24 2.87 0.039*

source 1 2.61 31.76 <0.001*
matHne 32 0.097 1.19 0.25

host*source 3 0.0069 0.084 0.97

Stem Length host 3 7112 3.69 0.014*

source 1 197 0.10 0.75

mathne 32 3689 1.9 0.0067*

host*source 3 1879 0.97 0.41

on the three greenhouse response variables. Signif-

icant ANOVAs were followed by Tukey's HSD for

pairwise comparisons among host treatments.

We used binary logistic regression to test for

differences among host treatments in C. levisecta

field survival and vole tunnel presence. Signifi-

cance was measured by drop in deviance (DEV)
with a chi-square distribution. Dunn-Sidak cor-

rections were used to adjust alpha levels for all

pair-wise comparisons among host treatments.

We used linear regression to determine if the

proportion of transplants with vole tunnels was
associated with the proportion of C levisecta

individuals surviving. Finally, we calculated an
odds ratio to compare C. levisecta survival when
planted with E. lanatum versus survival when not

planted with this species (i.e., alone or with F.

roemeri). All analyses were conducted using S-

PLUS v. 6.2 (Insightful 2000).

Results

Greenhouse experiment

According to MANOVA analyses, Castilleja

levisecta greenhouse performance differed among
host treatments (Wilkes = 0.84, F3,ii6 = 2.37, P
= 0.014) as well as source populations (Wilkes =
0.55, Fi,n6 = 31.47, P < 0.001), but no
differences were observed among maternal lines

(Wilkes = 0.42, Fgsjie = 1.19, P = 0.13). Host
treatment effects were consistent among C
levisecta individuals from the two source popu-
lations used in this study, as the interaction

between source population and host treatment

was not significant (Wilkes = 0.93, F3 = 0.92,

P = 0.51). While C. levisecta stem number and
total stem length differed among host treatments,

the number of flowers did not (Table 1). Univar-

iate ANOVA statistics for the three response

variables are presented in Table 1. Post-hoc pair

wise comparisons of univariate ANOVAs re-

vealed that individuals grown with mixed hosts

had a greater number of stems and total stem
length compared to those grown with F. roemeri,

but did not differ from those grown without a

host or with E. lanatum.

Field experiment

Field survival of C. levisecta differed among
host treatments (DEV^^gi = 44.65, P < 0.001),

but neither source population (DEVi gi = 0.089,

P = 0.77) nor maternal line (DEV32,8i = 34.43, P
= 0.40) accounted for a significant portion of the

residual deviance. A higher proportion of no-host

C. levisecta individuals survived compared to

those planted with either E. lanatum or mixed
hosts, but did not differ from plants with F.

roemeri hosts (Fig. 1). Also, C. levisecta planted

with F. roemeri hosts had significantly higher

survival than those planted with E. lanatum

(Fig. 1).

Rodent tunnel presence near transplant root

crowns differed significantly among host treat-

ments (DEV3,n4 = 50.17, P < 0.001). Castilleja

levisecta individuals planted with F. roemeri or

without a host had fewer rodent holes near their

root crowns compared to those planted with

either E. lanatum or mixed hosts (Fig. 1). In

addition, we measured a strong inverse relation-

ship between C. levisecta survival and the presence

of tunneling within the vicinity of the root crown
(Fi,2 = 23.07, P = 0.04, R^ = 0.92) (Fig. 2). The
odds of a C. levisecta transplant surviving in the

field when planted without an E. lanatum host

were 1 1.25 (95% C.I. = 4.29, 28.78) times greater

than when co-planted with an E. lanatum host.

Discussion

We did not find support for the compHmentary
diet hypothesis, which predicts that individuals

with multiple nutritional sources will perform
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Fig. 1. i) Castilleja levisecta field survival by host

treatment, ii) Proportion of C. levisecta transplants

located within 15 cm of rodent tunnels. Host treatments

not sharing a common letter were significantly different

(P < 0.05) after Dunn-Sidak corrections.

better than those provided with a limited diet.

Mixed hosts improved some measures (i.e., stem
number and total stem length) of C. levisecta

greenhouse performance compared to those

paired with F. roemeri, but did not confer an
advantage over no-host or E. lanatum treatments.

Likewise, mixed hosts did not promote C.

levisecta field survival. In fact, no-host controls

had greater field survival than both mixed and E.

lanatum treatments (Fig. 1). The complementary
diet hypothesis may not be the most appropriate

theory to apply to hemiparasite nutrition, as this

hypothesis has primarily been tested in animal
systems. Other studies addressing hemiparasite

fitness using multiple hosts have also found
mixed results. During greenhouse studies, Mel-
ampyrum arvense did not benefit from mixed
hosts (a legume and a grass) (Matthies 1996),

though Castilleja wightii growth and reproductive

output were improved by simultaneous attach-

ment to two host species (a legume and an aster)

(Marvier 1998a). However, greenhouse studies

may oversimplify field dynamics and should be
extrapolated to the field with caution. For
example, we observed strong indirect effects of
herbivory mediated by host species in the field,

which has important consequences for C. levi-

secta recovery efforts.

While we observed improved C. levisecta stem
performance when grown with mixed hosts
relative to F. roemeri in the greenhouse, the

number of flowers produced did not differ among
host treatments. Mixed hosts may have improved
C levisecta nutrition by providing complimenta-
ry resources, thereby improving stem growth
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proportion near tunnel

Fig. 2. Scatterplot and trendline from linear regres-

sion of the average proportion of C. levisecta trans-

plants within 15 cm of a vole tunnel and average

transplant survival for each host treatment (no host =
, F. roemeri — *, mixed = #, E. lanatum = O).

relative to F. roemeri hosts. Alternatively, root

competition may explain why F. roemeri is a poor
host in pots, as pots with F. roemeri were
generally more root bound than other host

treatments (Beth Lawrence, pers. obs.). This is

consistent with our previous work that found C
levisecta grown in pots with F. roemeri were
smaller and flowered less frequently in the second
growing season compared to those potted with E.

lanatum (Kaye 2001). This explanation is more
plausible, as C. levisecta performed similarly

among all other treatments, but did poorly when
paired just with F. roemeri. Our greenhouse
results may also have been confounded by our
judicious use of fertilizer, as attachment to hosts

may not confer fitness benefits in the presence of

abundant nutrients.

Vole activity had strong indirect effects on C
levisecta field survival mediated by host species.

Populations of the grey-tailed vole (Microtus

canicaudus) were larger than average in the

Willamette Valley during the 2005 field season

due to a mild winter in 2004-05, increasing

herbivore pressure on C. levisecta transplants and
impacting the region's grass seed crop. Nine
Oregon counties were declared agricultural disas-

ter areas by the U.S. Department of Agriculture

due to large crop losses from voles (A. P. 2005).

Although population sizes in 2005 were atypically

large, voles are ubiquitous in Pacific Northwest
prairies and are major herbivores contributing to

grassland dynamics (Wilson and Carey 2001).

Further, global warming may increase the

frequency of mild winters in the Pacific North-
west (Leung and Ghan 1999) and result in greater

regularity of vole outbreaks. Selective herbivory

by voles in other grassland systems has been

shown to dramatically alter species composition

and diversity (Batzli and Pitelka 1970; Howe and
Lane 2004). Using exclusion experiments, Howe
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and Lane (2004) observed that meadow voles

eliminated otherwise common plants due to

preferential herbivory.

Castilleja levisecta field survival also did not

support the complimentary diet hypothesis,

possibly as a result of indirect effects from
herbivore activity. While herbivory was evident

on all surviving C. levisecta individuals at the

study site, vole tunneling and field mortaUty were
strongly associated with host treatments that

included E. lanatum, whose roots may have been
particularly palatable to voles. Castilleja levisecta

plants paired with two E. lanatum individuals had
higher field mortality than those planted with a

single E. lanatum individual (mixed host), al-

though these effects were not strictly additive

(Fig. 1). The mechanism contributing to high

mortality of C. levisecta individuals associated

with E. lanatum is unclear, but root system

disturbance, direct grazing of C. levisecta roots,

or the indirect effect of reduced host vigor/

survival likely contributed to this observation.

Meanwhile, C. levisecta individuals planted with-

out a host or with F. roemeri had much higher

survival rates and less rodent tunneling. This

indicates that voles did not just target potting soil

or areas with low root density to tunnel in, but

were specifically attracted to E. lanatum. Foliage

and roots of plants in the genus Eriophyllum

contain sesquiterpene lactones (Bohlmann et al.

1981), an extremely diverse group of compounds
that may be desirable to herbivores due to anti-

fungal, anti-bacterial, anti-tumourgenic, or anti-

inflammatory properties (Pieman 1986), and may
have contributed to increased vole tunneling in

the vicinity of E. lanatum.

Although we have provided evidence that vole

activity mediated C. levisecta survival through
host species in the field (Fig. 2), an alternative

process could be responsible for the observed

field patterns. Due to a malfunction of the

automatic watering system, we observed differ-

ential survival of the potted plants during the

2004 summer in the shadehouse. Survival was
greater among no-host (100%) and F. roemeri

(79.5%), than among E. lanatum (66.7%) and
mixed hosts (54.4%), similar to the pattern of

differential survival we observed in the field. Thus
it is possible that our field survival rates were
only spuriously correlated with vole activity and
that survival of C. levisecta is directly influenced

by host treatment, rather than indirectly via

herbivore activity.

Results from our greenhouse and field studies

suggest that planting C. levisecta with a host may
not be absolutely necessary, but may confer some
advantages to field plantings. Although our

findings are likely context dependent, no-host

controls performed as well or better than all other

host treatments in both greenhouse and field

environments. Host plants can provide water and

nutrients to hemi-parasites during periods of
critical environmental stress (Kuijt 1969; Press

1989). However, under horticultural growing
conditions with ample water, nutrients, and light,

C. levisecta individuals produced abundant bio-

mass and had high reproductive output without
hosts. In our field study, no-host C. levisecta

individuals had the highest proportion surviving

(a- = 0.78), although at the time of monitoring
these plants had yet to experience summer
drought conditions typical of the region. Natural
populations of C. levisecta emerge in early

March, flower in May, and senesce in July in

response to dry conditions (Caplow 2004).

Summer drought is a strong selective force

resulting in substantial C. levisecta transplant

mortality, as field survival is typically high the

first growing season, but is generally reduced the

second growing season (Lawrence 2005; Pearson
and Dunwiddie 2006; Swenerton 2003; Wayne
2004). Results from a companion common
garden experiment indicate that planting a

perennial host with C. levisecta transplants

improves second year survival (Lawrence 2005).

Second year survival at a site where individuals

were planted with F. roemeri was particularly

high {x = 0.75), compared to the average
proportion surviving at the other nine common
gardens {x = 0.21), that were not provided a host.

Pearson and Dunwiddie (2006) observed greater

C. levisecta flower production when grown with

E. lanatum compared with F. roemeri, but field

survival was greater with F. roemeri. Another
field experiment also observed greater C. levisecta

survival when outplanted with F. roemeri relative

to no-host and E. lanatum treatments (S. Reich-

ard 2005, University of Washington, pers.

comm.). Castilleja hispida Benth., which can
hybridize with C levisecta, also had higher field

survival when planted with F. roemeri than when
planted with no host (Schmidt 1998). These
observations suggest that planting a perennial

host with C levisecta in the field is beneficial, and
may allow the parasite to take advantage of host

roots to exploit nutrients and water from a larger

volume of soil during periods of environmental

stress. Further, this suggests that C. levisecta

survival is higher when planted with F. roemeri

than E. lanatum, and this may be due, at least in

part, to preferential vole herbivory of E. lanatum.

Other native perennial species, including le-

gumes and showy angiosperms that can attract

pollinators, may also be appropriate hosts for C.

levisecta. Leguminous hosts are commonly better

hemiparasite hosts than grass species because of

their capacity to fix nitrogen (Adler 2003; Gibson
and Watkinson 1991; Matthies 1997; Seel and
Press 1993). Additionally, alkaloid uptake from
leguminous hosts can confer resistance to herbiv-

ory (Adler 2002), and increase pollinator visita-

tion (Adler et al. 2001). Although the mycorrhizal
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status of C. levisecta has not been investigated,

many hemiparasites in the Orobanchaceae are

considered non-mycorrhizal (Harley and Harley

1987). The mycorrhizal status of the host plant

however, can influence the performance of the

hemiparasite. Studies have shown that hemipar-

asites attached to mycorrhizal hosts have greater

biomass and flower production than those

growing with non-mycorrhizal hosts (Davies

and Graves 1998; Salonen et al. 2001). We
suggest that new C levisecta potential host

species and mycorrhizal inoculation of hosts

should be examined experimentally in the field

to further examine the complimentary diet

hypothesis and improve the success of large-scale

reintroductions of this endangered species.

Implications for practice

• Conservation decisions should be based on
experimental research conducted under condi-

tions similar to those of the intended applica-

tion; C. levisecta greenhouse performance was
a poor predictor of field survival. Extrapola-

tion of greenhouse results to natural systems

can oversimplify the complex biotic interactions

that species are exposed to in the field, and worse,

suggest inappropriate management actions.

• Greenhouse propagation of endangered hemi-

parasites like C. levisecta may not require a

host, but growth and survival after field

planting may be improved by planting with

additional species. See (Lawrence and Kaye
2005) for details on propagation techniques

for C. levisecta.

• Failure to find support for the complimentary
diet hypothesis with C. levisecta suggests that

outplanting rare hemi-parasites with multiple

hosts may not be necessary.
• We recommend against planting hemiparasites

with hosts that are attractive to herbivores

when and where these animals are present. We
suspect planting C. levisecta with a perennial

host will increase future field performance and
recommend using F. roemeri over E. lanatum
as a host for C. levisecta recovery efforts.

• Herbivore management should be an integral

part of rare hemiparasite recovery and manage-
ment. Herbivore control may involve the same
actions as prairie habitat management, such as

mowing or burning to reduce the accumulation
of thatch. Large fences can be erected to exclude

ungulate browsers from an outplanting, while

small wire cages dug into the ground can
prevent rodent grazing of individual plants.
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Abstract

A new combination, Muhlenbergia alopecuroides (Griseb.) P. M. Peterson & Columbus, is made
based on published and ongoing molecular phylogenetic studies.

Resumen

Se propone una nueva combinacion, Muhlenbergia alopecuroides (Griseb.) P. M. Peterson &
Columbus, basada en estudios filogeneticos moleculares publicados y en curso.

Key Words: Lycurus setosus, Muhlenbergia alopecuroides, Muhlenbergiinae, Poaceae, taxonomy.

The grass subtribe Muhlenbergiinae (Chlori-

doideae: Cynodonteae) recently has comprised 10

genera: Aegopogon Humb. & Bonpl. ex Willd.,

Bealia Scribn., Blepharoneuron Nash, Chabois-

saea E. Fourn., Lycurus Kunth, Muhlenbergia

Schreb., Pereilema J. Presl, Redfieldia Vasey,

Schaffnerella Nash, and Schedonnardus Steud.

(Duvall et al. 1994; Peterson 2000; Peterson et al.

1995, 1997, 2001a, 2007). Members of Muhlen-
bergiinae are characterized by ligules usually

membranous and eciliate; the inflorescence re-

branched or of spicate primary branches, branch
axes persistent or falling entire; spikelets bisexual,

staminate, or sterile, solitary, rarely paired or in

triplets, occasionally secund, glumes awned or

unawned, floret usually 1; lemmas 3-nerved,

awned or unawned; cleistogenes occasionally

present in the leaf sheaths; and a base chromo-
some number o^ x = 8-10.

A phylogenetic study of Chloridoideae based
on trnL-F (cpDNA) and ITS (nrDNA) sequences

(Columbus et al. 2007) has revealed that Muh-
lenbergiinae are monophyletic but Muhlenbergia
is paraphyletic with respect to the other genera in

the subtribe. We and colleagues are conducting a

phylogenetic study focused on Muhlenbergiinae
in which all species are targeted for sequencing.

TrnL~F and ITS sequences from most species

have been obtained and analyzed (J. T. Colum-
bus et al. unpubl. data). The monophyly of
Muhlenbergiinae and paraphyly of Muhlenbergia
are consistent outcomes in all analyses of this

il
large and expanding data set (Peterson et al.

1 2001b, 2004). We are proposing taxonomic

j

I

' Author for correspondence, email: peterson@si.edu

changes based on these results. Herein, in

preparation for the second edition of The Jepson

Manual (Baldwin et al. in prep.), we transfer

Lycurus setosus (Nutt.) C. Reeder, which was
sampled in the Columbus et al. (2007) study, to

Muhlenbergia.

Muhlenbergia alopecuroides (Griseb.) P.M. Peter-

son & Columbus, comb. nov. Lycurus alope-

curoides Griseb., Abh. Konigl. Ges. Wiss.

Gottingen 19:255-256. 1874. Type: Argentina,

Prov. Catamarca, ca. Belen, en el altivalle de

Las Granadillas, Feb 1872, P. G. Lorentz s.n.

(Holotype: GOET; Isotypes: BA!, BAA!,
CORD!, SI!, US-996080 fragm. ex GOET!).

Pleopogon setosum Nutt., Proc. Acad. Nat. Sci.

Philadelphia 4:25. 1848. Lycurus setosus

(Nutt.) C. Reeder, Phytologia 57:287. 1985.

Type: U.S.A., New Mexico, Santa Fe Co.,

mountains near Santa Fe, 1841 or 1842, W.

Gambel s.n. (Holotype: K; Isotypes: PH, US-
610839 fragm. ex K!).

Comments. The new combination cannot be

based on the basionym Pleopogon setosum
because the epithet in Muhlenbergia [as M. setosa

(Kunth) Trin.] was previously used. Therefore,

we are using the next available name, Lycurus

alopecuroides, as the basis for the new combina-
tion.

In California, there are 19 species of Muhlen-

bergia including M. alopecuroides (Peterson 1993,

2002, in press). In the first edition of The Jepson

Manual (Hickman 1993), M. alopecuroides was
mistakenly treated as Lycurus phleoides Kunth
instead of L. setosus (Smith 1993, 2002). Muh-
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lenbergia alopecuroides can be distinguished from
L. phleoides by having leaf blades with fragile,

awnlike tips (3-)4-7("12) mm long (blades acute

or with bristles 1-3 mm long in L. phleoides) and
longer ligules that are (2 )3-10( 12) mm long

(ligules 1.5-3 mm long in L. phleoides) [Reeder

2003]. Muhlenbergia alopecuroides has an amphi-
tropical distribution, occurring in the southwest-

ern United States, northern Mexico, southern

Bolivia, and northern Argentina. Based on
allozyme variation, it seems likely that the species

recently dispersed to South America because

populations there contain less genetic variation

(Peterson and Morrone 1998; Peterson 2000).
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Abstract

The dwarf mistletoes {Arceuthobium spp., Viscaceae) are an ecologically and economically

important group of hemi-parasitic flowering plants that parasitize members of the Pinaceae in both

the Old and New Worlds. There are two areas of maximum diversity for the dwarf mistletoes:

northern California and Durango, Mexico. Here we provide additional information on the

distribution of dwarf mistletoes in Durango based on field observations and herbarium collections.

This information supplements data provided in a monograph on Arceuthobium published in 1996.

Needed research on the dwarf mistletoes in Durango is also discussed.

Key words: Arceuthobium, distribution, dwarf mistletoes, Durango, Mexico.

Resumen

Los muerdagos enanos (Arceuthobium spp., Viscaceae) son un grupo de plantas hemiparasitas

ecologica y economicamente importantes que parasitan a miembros de la familia Pinaceae, tanto en el

Viejo como en el Nuevo Mundo. Existen dos areas de maxima diversidad para los muerdagos enanos:

el norte de California y Durango, Mexico. En este trabajo se provee de informacion adicional sobre

los muerdagos enanos en Durango con base en observaciones de campo y datos de material de

herbario. Esta informacion complementa los datos presentados en una monografia sobre

Arceuthobium publicada en 1996. Se discute tambien la necesidad de mas investigacion sobre los

muerdagos enanos en Durango.

Palabras clave: Arceuthobium, distribucion, muerdagos enanos, Durango, Mexico.

Distribution of Dwarf Mistletoes
{Arceuthobium spp., Viscaceae) in

Durango, Mexico

Dwarf mistletoes {Arceuthobium spp., Visca-

ceae) are among the most economically and
ecologically important parasitic flowering plants

in North America (Hawksworth and Wiens 1996;

Mathiasen 1996; Hawksworth et al. 2002; Shaw
et al. 2004). They are common and abundant
parasites of the Pinaceae and affect nearly all of
the commercially important coniferous species in

the western United States, Canada, and Mexico

(Hawksworth and Shaw 1984; Hawksworth and
Wiens 1996; Geils and Hawksworth 2002). The
geographic regions with the greatest diversity and
concentration of dwarf mistletoes are northern

California and southern Oregon, United States

with 12 taxa and Chihuahua and Durango,
Mexico with 13 taxa (Hawksworth and Wiens
1996; Mathiasen and Marshall 1999; Hawks-
worth et al. 2002). Eleven of the taxa found in the

Sierra Madre Occidental of Chihuahua and
Durango occur in Durango. Two additional taxa,

A. abietinuni Engelm. ex Munz and A. vaginatum

(Willd.) Presl subsp. cryptopodum (Engelm.)
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Hawksw. & Wiens, occur north of Durango in

Chihuahua, giving this area of the Sierra Madre
Occidental the most diverse assemblage of dwarf
mistletoes in North America.

Information on the distribution and hosts of

dwarf mistletoes in Durango, Mexico has been

primarily based on the work of Hawksworth and
Wiens (1965, 1970, 1972, 1977, 1989, 1996).

Hawksworth and Wiens (1996) provided distri-

bution maps for each dwarf mistletoe found in

Durango, primarily based on their collections

obtained from 1961-1987.

More recent collections, however, provide

additional information on dwarf mistletoe distri-

butions and hosts in the region. The senior

author has been collecting additional data on the

distribution of dwarf mistletoes in Durango since

1997. In addition, other investigators have
deposited many specimens of Arceuthobium
collected throughout Durango with the Herbario

CIIDIR, Instituto Pohtecnico Nacional located

in Durango City, Mexico (CIIDIR). Based on
our extensive field observations and these her-

barium records we now have a great deal of

additional information on the distribution of

these economically and ecologically key parasitic

plants in Durango. These data illustrate that

there are three areas of the state that have been

intensively sampled: west-central Durango near

Altares, east and west of El Salto along Mexico
Route 40, and southeast of Durango City. These
areas have been intensively sampled because they

are transected by major roads, making access to

them much easier than for the more remote

regions of the state. Areas in Durango that have
not been adequately sampled for dwarf mistletoes

include the regions south of La Flor and south

and west of Topia. These areas are dominated by
mountainous terrain high enough in elevation to

support extensive pine forests, and hence dwarf
mistletoes, and should be surveyed. Eastern

Durango is dominated by grasslands and xero-

phytic scrub with few pines, and thus far, no
dwarf mistletoes have been reported from this

part of the state. In addition, although the state

has extensive pinon woodlands (Garcia and
Gonzalez 2003), no dwarf mistletoes have been

reported on piilones in the state (Hawksworth
and Wiens 1996). Because the pine forests of the

Sierra Madre Occidental are among the most
productive commercial forests in Mexico, studies

of the distribution and host range of dwarf
mistletoes and the damage associated with severe

infection by these parasites should continue there.

The taxa of Arceuthobium occurring in Dur-
ango are listed below and their distributions

based on a compilation of published literature,

herbarium specimens, and the author's field

observations discussed under each taxon. Dwarf
mistletoe distributions are illustrated in Figs. 1

and 2 and include information from Hawksworth

and Wiens (1996), data from CIIDIR, and our
field observations and collections. Most of the

senior author's collections of Arceuthobium from
Durango are deposited at the Deaver Herbarium,
Northern Arizona University, Flagstaff (ASC).
Principal hosts of each species, based on data in

Hawksworth and Wiens (1996) and our field

observations, are listed in Table 1. Pine taxono-
my follows Farjon and Styles (1997), except for

Pinus chihuahuana Engelm. and P. cooperi C.E.

Blanco being recognized at the species level

following Garcia and Gonzalez (2003) and
Almaraz et al. (2006). The taxonomic status of

several pines occurring in the Sierra Madre
Occidental is still in debate, particularly the

classification of pines in subgenus Strobus; we
have followed the classification used by Garcia
and Gonzalez (2003) for this subgenus. In

addition, we discuss needed research on the

taxonomy, distribution, and pathology for some
of the common dwarf mistletoes in Durango.

Arceuthobium blumeri Hawksw. & Wiens

This parasite of white pines occurs more
commonly in Durango than originally reported

by Hawksworth and Wiens (1996). It is distrib-

uted in the Sierra Madre Occidental from
northwestern to southern Durango (Fig. 1).

Because it occurs in far southern Durango and
its hosts are distributed in adjacent states, it

probably occurs in northern Nayarit, northern

Jalisco, and western Zacatecas, but it has not

been reported in these Mexican states thus far.

Although this is the only dwarf mistletoe that

parasitizes white pines in Durango, the plants of

A. blumeri are small and gray, so their presence

on infected trees may be overlooked. Hawks-
worth and Wiens (1972, 1996) reported that this

dwarf mistletoe seldom induces the formation of

witches' broom on infected trees. However, our

field observations from throughout its range in

Mexico and in southern Arizona (Huachuca
Mountains) indicate it often induces witches'

broom formation, even on lightly infected trees.

Therefore, infected trees can usually be identified

using the presence of witches' brooms (Mathiasen

1979).

Hawksworth (1991) suggested that the pattern

of parasitism of the Mexican white pines by
Arceuthobium may be useful when interpreting

the taxonomy and distribution of these pines in

Mexico. The classification of the white pine

populations in northern Mexico has been debated

for many years (Shaw 1909; Martinez 1948;

Critchfield and Little 1966; Perry 1991; Farjon

and Styles 1997; Garcia and Gonzalez 2003).

Hawksworth (1991) interpreted the selective

parasitism of white pines in the Sierra Madre
Occidental by A. blumeri as evidence that these

populations should be classified as Pinus ayaca-
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Fig. 1. Distribution of Arceuthobium blumeri (B), A. strictum (S), A. vaginatum subsp. vaginatum (Va), A.

vaginatum subsp. durangense (Du), A. verticilliflorum (V), and A. yecorense (Y) in Durango, Mexico. Distributions

are based on data in Hawksworth and Wiens (1996), specimens deposited at the Herbario CIIDIR, Durango,
Mexico, the Deaver Herbarium, Flagstaff, AZ, and field observations. Populations designated with large, bolded
letters are specifically discussed in the text.
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Fig. 2. Distribution of Arceuthohium doiiglasii (D), A. gillii subsp. gillii (Gi), A. gillii subsp. nigrum (N), A.

glohosum (G), and A. ruhrum (R) in Durango, Mexico. Distributions are based on data in Hawksworth and Wiens
(1996), specimens deposited at the Herbario CIIDIR, Durango, Mexico, the Deaver Herbarium, Flagstaff, AZ, and
field observations. Populations designated with large, bolded letters are specifically discussed in the text.
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Table 1. Principal Hosts of Dwarf Mistletoes that Occur in Durango, Mexico. Host classification of

the pines follows Farjon and Styles, 1997 (in part) and Garcia and Gonzalez 2003.

Dwarf mistletoe Principal hosts

A. blumeri Pimis strobiformis\ P. ayacahuite var. hrachyptera

A. douglasii Psciiciotsiigci tyi^tizicsii

A. gillii subsp. gillii Pinus chihuahuana; P. herrerai; P. leiophylla\ P. lumholtzii

A. gillii subsp. nigrum Pinus chihuahuana\ P. leiophylla; P. lumholtzii., P. teocote

A. globosum Pinus cooper i; P. durangensis; P. engelmannii

A. rubrum Pinus cooper i\ P. durangensis; P. engelmannii; P. herrerai; P. teocote

A. strictum Pinus chihuahuana

A. vaginatum subsp. vaginatum Pinus arizonica; P. cooperi; P. durangensis; P. engelmannii

A. vaginatum subsp. durangense Pinus cooperi; P. devoniana; P. douglasiana; P. durangensis; P. engelmannii

A. verticilliflorum Pinus arizonica; P. cooperi; P. durangensis; P. engelmannii

A. yecorense Pinus chihuahuana; P. durangensis; P. herrerai; P. leiophylla; P. lumholtzii

huite Ehrenb. ex Schltdl. var. hrachyptera Shaw, a

view supported by Eguiluz Piedra (1991). Hawks-
worth's conclusion was influenced by the selective

parasitism of Arceuthobium apachecum Hawksw.
& Wiens of the white pine populations in

Arizona, New Mexico, and northeastern Mexico
that he classified as Pinus strobiformis Engelm.
Hawksworth (1991) argued that parasitism by A.

blumeri was confined to P. ayacahuite var.

brachyptera in Mexico and southern Arizona
and that A. apachecum was the only parasite of P.

strobiformis in the southwestern United States

and northeastern Mexico.

Pinus ayacahuite is not parasitized by dwarf
mistletoes in central Mexico, but Arceuthobium
guatemalense Hawksw. & Wiens parasitizes P.

ayacahuite starting in central Oaxaca extending

through Chiapas and into western Guatemala
(Hawksworth and Wiens 1996; Mathiasen et al.

2003). The absence of A. blumeri and A.

guatemalense from central Mexico is noteworthy.

Perry (1991) considered that both P. strobiformis

and P. ayacahuite var. brachyptera co-exist in the

Sierra Madre Occidental of northern Mexico, a

view shared by Garcia and Gonzalez (2003).

Based on our field observations of the white pines

in Durango, we also consider both P. strobiformis

and P. ayacahuite to be present in the state. These
white pines are both parasitized by A. blumeri

there (Mathiasen 1979). Therefore, we don't

consider the parasitism by A. blumeri as a

consistent character that can be used to separate

these white pines from each other in northern
Mexico. Additional taxonomic studies are needed
for the white pine populations throughout
northern Mexico.

Arceuthobium DOUGLASII Engelm

This important parasite of Pseudotsuga men-
ziesii (Mirb.) Franco has now been collected from
seven locations in northwestern Durango and
from one location in southern Durango (Fig. 2).

Therefore, it is probable that it will be discovered
from additional locations in west-central Du-

rango. Because stands of Pseudotsuga have only

persisted in the Sierra Madre Occidental where
site conditions favor their regeneration and
growth, this tree species occurs in scattered

stands (Guerra-De la Cruz 2001), and A.

douglasii has evidently persisted in some of these

areas and not others. It is probable that as more
stands of Pseudotsuga are examined in Durango,
this dwarf mistletoe will be discovered in many
new areas. Although A. douglasii forms very

small, olive-green plants that are not easily

observed, it induces the formation of large,

distinctive witches' brooms on infected trees,

which are easy to observe in stands of Pseudot-

suga (Hawksworth and Wiens 1996).

Arceuthobium gillii Hawksw. & Wiens
SUBSP. GiLLH AND SUBSP. NIGRUM HAWKSW.

& Wiens

These parasites of Pinus leiophylla Schiede ex

Schltdl., P. lumholtzii B. L. Rob. & Fernald, and
P. chihuahuana are common in the Sierra Madre
of Durango (Fig. 2). Although Hawksworth and
Wiens (1989, 1996) recognized A. gillii subsp.

nigrum at the species level (A. nigrum (Hawksw.
& Wiens) Hawksw. & Wiens), we prefer to apply

the earlier classification of this mistletoe by the

same authors (1965, 1972) as a subspecies of A.

gillii because recent molecular data indicate these

taxa are very closely related (Nickrent et al.

2004). The molecular data and the morphological
similarities between A. gillii and A. nigrimi

strongly support the earlier classification of A.

nigrum as a subspecies of A. gillii.

Although Hawksworth and Wiens (1996) only

reported two locations for A. gillii subsp. gillii in

Durango, collections at CIIDIR and our field

observations indicate it is widely distributed from
northern to southeastern Durango. Arceuthobium
gillii subsp. nigrum is also distributed from
northern to southern Durango and is one of the

most common dwarf mistletoes in the state.

Although it also parasitizes P. teocote Schltdl.

and Cham., P. lumholtzii, and P. chihuahuana in
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Durango, it is most common on P. leiophylla.

Hawksworth and Wiens (1996) reported that

these two dwarf mistletoes occur in the same
mountain range near Tepehuanes, Durango, but

they indicated these taxa were separated by
elevation differences; A. gillii occurring below
2200 m and A. gillii subsp. nigrum occurring

above 2600 m.
Plant color was considered by Hawksworth and

Wiens (1996) as one of the distinguishing charac-

ters separating A. gillii from A. nigrum: plants of

A. gillii are greenish-brown and those of A. nigrum

are dark brown to black. However, Hawksworth
and Wiens (1989) mentioned in their discussion of

A. nigrum that shoots of this species could also be

dark green. Our field observations in Durango
indicate that plants of A. gillii subsp. nigrum are

usually greenish-brown, dark green, or dark
brown, and only occasionally black. Plants of A.

gillii subsp. nigrum in central Mexico are dark
green to black. However, these plant characteris-

tics are also representative of a morphologically

similar, but phenologically and genetically distinct

dwarf mistletoe that has now been reported from
southern Mexico, A. hondurense Hawksw. &
Wiens (Mathiasen et al. 2001, 2003). The mor-
phological similarities between these dwarf mis-

tletoes are demonstrated by the earlier identifica-

tions of A. hondurense in Chiapas and Oaxaca as

A. gillii subsp. nigrum (Hawksworth and Wiens
1972) and later as A nigrum by Hawksworth and
Wiens (1989, 1996). Further studies are warranted
to determine the taxonomic status of the popula-

tions of A. gillii subsp. nigrum in central Mexico.
Furthermore, because of the similarity in plant

color of subsp. gillii and subsp. nigrum in

Durango, the identification of these taxa is often

difficult. We have primarily relied on the size of

plants as the key characteristic to distinguish these

taxa; plants of A. gillii subsp. nigrum being larger

than those of A. gillii subsp. gillii (Hawksworth
and Wiens 1989, 1996). Further taxonomic studies

of these taxa are also needed in Durango.

Arceuthobium globosum Hawksw. & Wiens
SUBSP. Globosum

This dwarf mistletoe is one of the most
widespread in Durango occurring through the

Sierra Madre Occidental from northern to

southern Durango (Fig. 2). It has been reported

to parasitize three common and economically

important pines in Durango (Table 1). It is most
common on Pinus cooperi and P. durangensis

Martinez in this region. Although this dwarf
mistletoe does not usually induce the formation
of witches' brooms on infected pines, it is easily

identified by its bright yellow plants that form
large, round masses of shoots in infected trees. Its

extensive distribution, its large plants, and its

distinctive yellow color have all contributed to its

being extensively collected in Durango. Because it

is so widespread and locally abundant its effects

on the growth of its hosts should be investigated.

Populations of A. globosum approximately
50 km west of El Salto near Buenes Aires
(Fig. 2) have some very large (>30 cm), green
plants which are morphologically similar to A.

globosum Hawksw. & Wiens subsp. grandicaule

Hawksw. & Wiens, a common dwarf mistletoe on
pines in central Mexico (Hawksworth and Wiens
1996). However, these populations also have
plants that are characteristic of typical A.

globosum subsp. globosum. Therefore, we have
classified these populations as A. globosum subsp.

globosum, but further taxonomic studies of these

populations are warranted.

Arceuthobium RUBRUM Hawksw. & Wiens

This distinctively red dwarf mistletoe that has

shiny fruits has only been reported in the Sierra

Madre Occidental of Durango and extreme
eastern Sinaloa (Hawksworth and Wiens 1996).

It is widely distributed in Durango (Fig. 2) and
parasitizes five pines as principal hosts (Table 1).

It is probably that it will eventually be found in

Chihuahua, Nayarit, northern Jalisco, and west-

ern Zacatecas because its principal hosts are

widely distributed in these states also. Popula-

tions of A. rubrum near Altares in Durango have
plants that are much larger than those in other

areas of Durango, and thus further taxonomic
study of these populations is warranted (Hawks-
worth and Wiens 1996). Little is currently known
about the effects A. rubrum has on its hosts, and
because this mistletoe is so widely distributed in

Durango, and occurs on some of the most
economically important pines in this region,

studies of its effects on host mortahty and growth
should be initiated.

Arceuthobium strictum Hawksw. & Wiens

This dwarf mistletoe is endemic to Durango,
but because it occurs very close to the borders

with Nayarit, Jalisco, and Zacatecas it will

undoubtedly be discovered in these states

(Fig. 1). This is particularly true for western

Zacatecas because several populations of A.

strictum have been collected near its border with

Durango. Although A. strictum principally par-

asitizes Pinus chihuahuana which is distributed

throughout the Sierra Madre Occidental, this

dwarf mistletoe has only been found on the far

eastern side of these mountains in central and
southern Durango. It is noteworthy that the

other dwarf mistletoes parasitizing P. chihua-

huana, A. gillii subsp. gillii and A. gillii subsp.

nigrum, occur more extensively through the Sierra

Madre Occidental. Why A. strictum appears to be

restricted to a small part of the geographic range
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of its principal host is an interesting question. It

appears to be limited by elevation, occurring

below 2500 m, but its hosts commonly occur

below 2500 m throughout the Sierra Madre
Occidental. This dwarf mistletoe is a distinctive

species that can easily be identified by its flowers,

which have up to 7 perianth lobes, and by its

staminate plants, which are typically a single

spike when it flowers in the late summer and early

fall (Hawksworth and Wiens 1965, 1996). Our
field observations support those of Hawksworth
and Wiens (1996) which indicate that A. strieturn

is often associated with mortality of severely

infected trees in southern Durango.

ARCEUTHOBIUM VAGINATUM (WiLLD.) PRESL
AND A. VAGINATUM (WiLLD.) PRESL SUBSP.

DURANGENSE HAWKSW. & WiENS

Arceuthobium vaginatum subsp. vaginatum is

one of the most widespread and locally abundant
dwarf mistletoes in Durango (Fig. 1) where it

parasitizes several species of pines (Table 1). It is

probably the most economically damaging dwarf
mistletoe in the state (Hawksworth and Wiens
1996). Arceuthobium vaginatum subsp. vaginatum

is not only the most widely distributed dwarf
mistletoe in Durango, but is common throughout
northern and central Mexico. Because of its local

abundance, widespread distribution, and parasit-

ism of more than 10 species of pines, it is

considered to be the most economically damaging
dwarf mistletoe in Mexico (Hawksworth and
Wiens 1996). Additional research is needed on its

economic impact throughout the country and
particularly in Durango.
Hawksworth and Wiens (1972, 1996) reported

that Areeuthobium vaginatum subsp. durangense

only occurs in the extreme western regions of

Durango on the west side of the Sierra Madre
Occidental, but we have found it north of El Salto

parasitizing both P. engelmannii and P. eooperi

(Fig. 1) (Mathiasen 2007). Both of these hosts are

severely parasitized and we have classified them as

principal hosts (Table 1). The distributions of the

two subspecies of A. vaginatum overlap in

Durango northeast of El Salto where they occur
within 6 km of each other southeast of San
Miguel de las Cruces (Fig. 1). The distribution

of A. vaginatum subsp. durangense is still poorly
known, but it appears to be more common in

Sinaloa along the western slopes of the Sierra

Madre at elevations <2000 m (Hawksworth and
Wiens 1996). It is likely that it will be found in

Nayarit because it has been collected in western
Jalisco (Hawksworth and Wiens 1996).

Although Hawksworth and Wiens (1989, 1996)
treated subsp. durangense at the specific level {A.

durangense (Hawksw. & Wiens) Hawksw. &
Wiens), we prefer their earlier classification of
this mistletoe as a subspecies of A. vaginatum

(Hawksworth and Wiens 1965, 1972). Again,
recent molecular data indicate that A. vaginatum
and A. durangense are closely related; these

subspecies can not be distinguished using the

molecular markers examined thus far (Nickrent

et al. 2004). These two subspecies are only

distinguished by their plant color (bright orange
versus dark brown to black) and perhaps their

host range because Pinus teocote is reported to be
immune to infection by A. vaginatum subsp.

durangense, but P. teocote is a secondary host for

A. vaginatum subsp. vaginatum (Hawksworth and
Wiens 1996). Because of the molecular data
currently available and the morphological simi-

larity of these taxa, we believe the classification of
the bright orange populations of A. vaginatum in

Durango as subspecies durangense is the most
appropriate treatment.

Arceuthobium verticilliflorum Engelm

This distinctive dwarf mistletoe is more widely

distributed in Durango than previously reported.

At one time it was thought to be extremely rare in

Durango (Hawksworth and Wiens 1972), but it

has now been collected from several areas of the

state (Fig. 1 ). We are certain it will continue to be
collected throughout Durango and possibly in

northern Nayarit and southern Chihuahua be-

cause its principals hosts are widespread in these

areas. This dwarf mistletoe is easily identified by
its whorled arrangement of flowers (usually 6

flowers per whorl), its very large mature fruits

(>1 cm in length), and its thick staminate spikes

which are 4-6 mm in width (Hawksworth and
Wiens 1965, 1972, 1996). It causes the formation
of large witches' brooms that often have main
branches with much larger diameters than
uninfected branches in the same whorl, particu-

larly on P. engelmannii.

The distribution of A. verticilliflorum within

pine stands is interesting in that it is often only

found on one or a few trees in small groups, and
these will be scattered at distances supporting the

suggestion that this dwarf mistletoe may only be

bird disseminated (Hawksworth and Wiens
1996). We have also observed dense stands of

small P. eooperi growing directly under infected,

large trees with no infection whatsoever on the

understory pines ca. 20 km northeast of El Salto

along the road to San Miguel de las Cruces. This

also suggests this dwarf mistletoe is completely,

or at least primarily, bird disseminated. The
biology of this dwarf mistletoe warrants further

study because of its possible dependence on birds

for seed dispersal.

Arceuthobium yecorense Hawksw. & Wiens

The distribution and abundance of this dwarf
mistletoe is still poorly known. Currently it is
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only known from one area of Durango, south-

west of Altares (Fig. 1), and we have not

observed it in any other locations in Durango
thus far. It is also known from a small region on
the Chihuahua/Sonora border near the town of

Yecora, Sonora (Hawksworth and Wiens 1989,

1996). The Sonora and Durango populations are

approximately 400 km apart and this species

probably occurs in additional populations in

northern Durango through western Chihuahua
and eastern Sonora because it occurs on several

pine species that occur in these states (Table 1).

Additional Research Needs

Field observations indicate that several of the

dwarf mistletoes in Durango are associated with

increased mortaUty of severely infected trees,

particularly A. blumeri, A. globosum, A. strictum,

and A. vaginatum. Furthermore, these mistletoes

may be associated with significant reductions in

the growth of severely infected trees, but this

relationship has not been studied in Mexico to

the extent it has been in the United States and
Canada (Geils and Hawksworth 2002). A coop-
erative research project funded by the USDA
Forest Service, the Comision Nacional Forestal,

and CIIDIR has been initiated in Durango to

examine the effects of A. vaginatum subsp.

vaginatum on the growth of Pinus cooperi (which

is treated as a variety of P. arizonica by Farjon
and Styles 1997) using stem analysis techniques.

This study should provide data that can be used

to guide management decisions related to dwarf
mistletoe mitigation efforts in Durango. Addi-
tional research on the effects dwarf mistletoes

have on their pine hosts in the Sierra Madre is

needed as is research on the ecological relation-

ships of the dwarf mistletoes with insects, birds,

and other animals throughout Mexico.
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California Native Plants for the Garden. By
Carol Bornstein, David Fross and Bart
O'Brien. 2005. Cachuma Press, Los Olivos, CA.
2"^^ Printing February 2006. 271 pp. ISBN
0-9628505-8-6, $27.95, paperback

California Native Plants for the Garden is a

truly valuable contribution to the somewhat
limited, although increasingly available references

on the topic of cultivating California native

plants. The science of horticulture is critical to

the success of landscape projects, including not
only residential landscape design, but wildlands

restoration and management. California Native

Plants for the Garden capably and thoroughly
addresses the many aspects of growing native

plants well.

This book was written by three renowned
CaHfornia horticulturists: Carol Bornstein (Hor-
ticulture Director at Santa Barbara Botanic
Garden) Dave Fross, (Landscape Architect, Cal
Poly San Luis Obispo Instructor, and Native
Sons Wholesale Nursery Owner) and Bart
O'Brien (Senior Staff Research Associate at

Rancho Santa Ana Botanic Garden, heralding

previously from Verba Buena Nursery in Palo
Alto, CA). In combination, they offer consider-

able expertise on the subject, although their

background experience leads to a slight partiality

towards coastal rather than interior regions of the
state.

Produced by Cahfornia's own, Cachuma
Press, California Native Plants for the Garden is

in a similar format to two of its other beautiful

publications: Oaks of California and Conifers of
California. Like its predecessors, the book is

visually gripping with over 450 glossy color

photographs, informative, thorough and well

organized. While clearly its greatest appeal is

for gardeners, landscape designers and native

plant aficionados, it also benefits botanists and
ecologists in their efforts to revegetate or restore

land by providing horticultural essentials such as

plant establishment, irrigation, care and mainte-

nance. In the "Plant Profiles" section, it offers a

depth of information demystifying the many
genera as well as cultivated varieties available

commercially today. Derivation, description, as

well as cultural requirements are given for

hundreds of plants. Each genus is illustrated with

a colorful photograph often depicted in an
instructive landscape context.

Additionally, concerns associated with wild-

land-urban interfaces, such as exotic plant

invasions, genetic contamination of endangered
native plants, fire-safe landscaping, sustainability,

drought, and erosion—are fundamentally, yet

definitively addressed.

—Melanie Baer-Keeley, Restoration Horticulturist,

Sequoia & Kings Canyon National Parks, 47050
Generals Hwy, Three Rivers, CA 93271; Melanie_
Baer-Keeley@nps.gov.
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Abstract

Two new roses are described from California and adjacent Oregon, with keys to distinguish each
from the typical representative of their respective species. Rosa pisocarpa A. Gray subsp. ahartii Ertter

& W. H. Lewis differs from typical R. pisocarpa by generally having fewer and larger leaflets, fewer

flowers, and sepals that are most commonly eglandular, among other features. It is the characteristic

member of the R. blanda Aiton complex in the northern Sierra Nevada and southern Cascade Range,
where existing collections have been variously identified as R. pisocarpa, R. woodsii Lindl. subsp.

ultramontana (S. Watson) Roy L. Taylor & MacBryde, R. californica Cham. «fe Schltdl., and R.

hridgesii Crepin ex Rydb. The rank of subspecies is used to indicate a significant ecogeographic
component of the species' range. In contrast, varietal rank is used for a localized expression of R.

gymnocarpa Nutt. occurring on open ultramafic substrates in northwestern California and adjacent

Oregon, described here as Rosa gymnocarpa var. serpentina Ertter & W. H. Lewis. Diagnostic

characters include relatively short stature, fewer and blunter leaflets, and pedicels that are frequently

eglandular.

Key Words: California, new taxa, Oregon, Rosa gymnocarpa, Rosa pisocarpa, serpentine.

The taxonomy of the genus Rosa L. (Rosaceae)

is notoriously difficult, complicated by extensive

phenotypic plasticity, rampant hybridization, and
polyploidy. These factors, when addressed by
differing taxonomic philosophies, have resulted

in radically different treatments of Rosa in North
America. At one extreme, Rydberg (1918)
recognized 129 native species in the most recent

attempt to provide uniform monographic cover-

age of the entire continent. In contrast, Erlanson

(1932, 1934) accepted only 15 full species of native

North American roses, plus seven additional

"ecotype species" and four putative hybrids.

Her conclusions were based on cytogenetics,

experimental hybridizations, common garden
experiments, and extensive field observations.

Erlanson did not summarize her conclusions in

a monographic format, and no consensus treat-

ment has been adopted by subsequent floras (e.g.,

Abrams 1944; Cronquist 1961; Cronquist and
Holmgren 1997; Ertter 1993; Kearney and
Peebles 1951; Munz 1959). One unifying feature

has nevertheless been a conservative approach to

Rosa taxonomy, with relatively few species

recognized. There has also been a general

reticence to describe new taxa and thereby risk

following in the footsteps of Rydberg (1917,

1918) and his fellow "splitter" Greene (1899,

1911, 1912), both of whom described a plethora

of species that currently reside in synonymy.

We agree that this caution has been well

justified, especially given Erlanson's (1934: 204)

observation that "It is not impossible to find on
the same bush two of some of the species listed by
Rydberg." Our respective studies (e.g., Ertter

1993; Lewis 1959a, 1959b, 1959c, 1962, 1965,

2008; Lewis and Ertter 2007) have nevertheless led

us to conclude that there is taxonomic structure

within North American Rosa beyond what has

recently been recognized. Our approach has been

to focus on the general occurrence of unique suites

of morphological and ecological features, or at

least notably differing probabilities and/or ranges

of variation in these features, that are associated

with definable ecogeographic settings. Taxa cir-

cumscribed by this approach are not always well

differentiated from one another, due to the

inherent complexity of the genus, but the alterna-

tive is to gloss over ecogeographically meaningful

components of biodiversity that have significance

for conservation planning, restoration efforts, and
horticultural purposes.

To discern these ecogeographically based taxa,

we have relied primarily on extensive field studies

and examination of herbarium specimens (espe-

cially MO, UC/JEPS, RSA/POM, CAS/DS, and
CHSC), supplemented by common garden stud-

ies. Many existing herbarium specimens are

inadequate for some of the most critical diagnos-

tic characters, such as the mid-stem prickles, so
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the accumulation of fully representative addi-

tional collections (deposited in UC and MO) and
detailed observations of field populations have

been extremely important. Cytological studies are

currently underway, but results are still prelimi-

nary and ambiguous. Existing molecular analyses

(e.g., Bruneau et al. 2007; Joly & Bruneau 2007)

are likewise insufficient to address species-level

questions in California, although intriguing

questions are being raised.

Our conclusions will be incorporated in pend-

ing treatments for Flora of North America North

of Mexico and The Jepson Manual. The present

paper describes two new taxa occurring in

California and adjacent Oregon needed for these

publications. New combinations in Rosa nutkana

C. Presl and R. woodsii Lindl. have recently been

published elsewhere (Lewis & Ertter 2007); recent

and future papers address variation within the

Rosa Carolina L. (Lewis 2008) and R. californica

Cham. & Schltdl. complexes (Ertter in prep.). As
will be seen, we have adopted a three-tiered

approach to taxonomic ranks within North
American Rosa. The species rank is used for the

most consistently distinct entities, which are also

those that have been most commonly recognized

even in the more conservative treatments. Major
ecogeographic components within species are

treated as subspecies, while unique localized

expressions are treated as varieties.

A New Subspecies of Rosa pisocarpa

Rosa pisocarpa A. Gray is the westernmost
member of the Rosa blanda Alton complex,
typically occurring west of the Cascade Range
from southern British Columbia south to north-

western California as far as Elk Mountain,
Mendocino County. The typical expression is a

moderately tall thicket-forming shrub with clus-

ters of relatively small flowers that mature into

round, pea-sized hips (hence the Latin epithet).

Prickles are few, generally occurring as relatively

stout, straight infrastipular pairs; leaflets tend to

be ovate with flaring teeth; and the sepals

generally have stipitate glands and elongate
expanded tips. Although the species mostly
occurs west of the Cascade Range, populations
with pisocarpa characters can be found in interior

regions along major rivers, such as the Columbia
River Basin, where they evidently intergrade with
another member of the R. blanda complex, R.

woodsii subsp. ultramontana (S. Watson) Roy L.

Taylor & MacBryde, which is the characteristic

member of the complex in the lowlands and
adjacent mountains between the Cascade Range
and northern Rocky Mountains (Lewis and
Ertter 2007). This latter taxon differs in generally

having more numerous and more slender prick-

les, more obovate leaflets with forward-oriented
teeth, eglandular sepals with shorter tips, and

more ovate hips. The vestiture of the rachis also

tends to be more finely and evenly velutinous

than in R. pisocarpa.

Except for the aforementioned intermediate

populations on the interior rivers, most members
of the R. blanda complex in far western North
America can be assigned to either R. pisocarpa or

R. woodsii s.l. with some degree of confidence.

The outstanding exception comprises populations

from the northern Sierra Nevada and southern

Cascade Range in northern California and
adjacent Oregon, which tend to be relatively low
open shrubs with few (or no) prickles, relatively

large ovate leaflets with flaring teeth, few flowers,

and ovate hips. Sepals are most commonly
eglandular with relatively short tips, although

populations with glandular sepals and/or expanded
tips are interspersed. In addition to being variously

identified as R. pisocarpa and Rosa woodsii var.

ultramontana, collections have often been identi-

fied as R. californica, since the prickles are

sometimes curved, though typically more slender

than is characteristic of R. californica. Identifica-

tions as Rosa bridgesii Crepin ex Rydb. have also

occurred. Duplicates of the same collection, or

multiple collections from the same population,

have occasionally been given different identifications.

Given this level of problematic taxonomic
assignment, and the relative (for Rosa) uniformi-

ty within the geographic area of concern, we
believe that the best solution is to recognize the

populations in question as comprising a distinct

taxon, described here as a new subspecies of R.

pisocarpa. The closer relation to typical R.

pisocarpa than to R. woodsii subsp. ultramontana

or R. californica is deduced from leaflet shape,

rachis vestiture, and the occasional presence of

stalked glands on the sepals, as well as from the

complex zone of intergradation in the Siskiyou

Mountains of Siskiyou and Trinity counties,

California. The rank of subspecies is used because

the ecogeographic range is larger and more
complex than that of the varieties we are

recognizing in North American Rosa, although

smaller than that of most other subspecies being

recognized in the genus.

Rosa pisocarpa A. Gray subsp. ahartii Ertter &
W. H. Lewis, subsp. nov. (Fig. 1)—TYPE:
USA, Cahfornia: Butte Co., Black Bart Road
1.3 mi from Forbestown Road, ca. 10 air mi
ESE of Oroville, roadside in Foothill Wood-
land, 2150 ft elev., 39 29.060'N 121 21.634'W,

23 Jun 2007, B. Ertter & L. Ahart 19074
(Holotype: UC; Isotypes: K, LE, MO, MT,
OSC, NY, RSA, US, + other duplicates to be

distributed)

Differt a subsp. pisocarpa floribus paucioribus

sepalis plerumque eglandulatis foliolis paucior-

ibus majoribus.
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Fig. 1. Rosa pisocarpa subsp. ahartii. A. Habit, showing frequent absence of prickles, leaves with 5 leaflets, and
few flowers, with enlargement of leaflet margin showing single eglandular teeth {Ahart 12144). B. Flower bud,

glabrous pedicel, subtending bract, and eglandular sepals with moderately prolonged tips {Enter et al. 15678). C.

Mature hip with sepals {Ertter & Ahart 18750).
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Rhizomatous shrubs. Stems solitary to loosely

clustered, sometimes forming thickets, erect, (0.2-)

0.4-1.4(-l. 8) m tall, growing tips puberulent but

soon glabrous, sometimes glaucous when young,

with age dark reddish brown, outer layer

sometimes exfoliating as thin ash-gray sheet;

prickles usually sparse to absent at least distally,

occurring primarily as 1-2 straight to somewhat
curved infrastipular prickles 2-5 mm long X 1-

2 mm wide at base, flaring to an attachment to

8 mm long, sometimes compressed, smaller

internodal prickles usually absent. Leaves (5-)

6-ll(-13) cm long X (3-)4-7(-10) cm wide;

stipules 10-20(-30) mm long (including 3-5 mm
long auricle), 3-5(-7) mm wide, the margins

subentire to shallowly crenate to irregularly erose;

petiole and rachis subglabrous to finely puberu-

lent to pubescent with hairs to 1 mm, stipitate

glands absent, pricklets sometimes present; leaf-

lets 5-7, most commonly 5, sparsely pubescent;

terminal leaflet with petiolule 5-15(-20) mm long,

the blade elliptic-ovate, usually widest at or below
middle, basally obtuse (rounded), apically obtuse

to acute, (1.5-)2-4.5(-6) cm long X (l-)l.5-2(-3)

cm wide, usually singly serrate with 10-15(-20)

acute 1° teeth per side on distal 4/5 of blade.

Inflorescences commonly 1-3-flowered on side

branches, rarely 10-flowered or more in terminal

candelabras; bracts 6-20 mm long X 2-5 mm
wide, the margins irregularly gland-toothed;

pedicels l-2(-2.5) cm long, glabrous. Flowers

2.5-3.5 cm diam.; hypanthium glabrous, ovoid-

urceolate, 4-5 mm long X 2.5-4 mm wide in bud,

with a narrowed neck ±2 mm wide; sepals

subglabrous to puberulent, sometimes with but

more often without stipitate glands, 10-17 mm
long X 2.5-3 mm wide (including prolonged tip

2-10 mm long x 1-2 mm wide), persistent at fruit

maturity; petals rose-pink, 12-18 mm long x 10

17 mm wide; styles numerous, pilose, exserted 1-

2.5 mm beyond 2 mm diam. orifice in

±3.5 mm diam. disc. Hips scarlet, glabrous, 8-

15 mm long X 8-13 mm wide, the body sub-

globose to ovoid, the neck 1 mm long X 2.5-

3.5 mm wide, the sepals persistent. Achenes 5-20

per hip, cream to light brown, 3.5-4.5 mm long X
1.5-2.5 mm wide.

Additional representative collections. USA, CAL-
IFORNIA: Butte Co., type locality, 2 Jun 2002,

Ahart 9680 (CHSC, JEPS, MO), type locality, 1

Aug 2006, Ertter & Ahart 18750 (MO, UC, +
duplicates to distribute), ca. 20 yards S ofupper jet.

ofForbestown Rd. and Black Bart Rd., ca. 3 air mi
SW of Forbestown, 13 Jul 2005, Ahart 12144
(CHSC, JEPS), same locality, 23 Jun 2007, Ertter

& Ahart 19075 (UC + duplicates to distribute),

Kimshew Cr. ca. 1/4 mi E of Table Mt., 1 Aug
1997, Ahart 7797 (CHSC, JEPS), Snag Lake, 7 mi
E of Chaparral, 20 Jul 1938, Heller 15283 (MO,
POM, UC), Head Dam Rd., 0.5 mi NW of

Powellton Rd., N of De Sabla, 22 Jun 1993,

Oswald & Ahart 5555 (CHSC, UC); Nevada Co.,

5.6 mi E of Emigrant Gap on U.S. Hwy 40, 30 Jun
1940, Beach 814 (UC), Fall Creek crossing on side

road off Bowman Lake Rd., 1 2 Jun 1 997, Ertter et

al. 15678 (MO, UC); Plumas Co., E ofHwy 89, ca.

1.5 mi S ofCrescent Mills, \6 Oct 2001 Mhart 9392
(JEPS, CHSC), W of Squirrel Creek, ca. 7 air mi
SW of Quincy, 24 May 2004, Ahart & Guardino
10946 (JEPS); Sacramento Co., 3 mi E of Folsom,
15 May 1949, Tomich 46 (UC); Shasta Co.,

Tamarack Rd. near summit, 9 Jul 1898, Baker
423 (UC); Siskiyou Co., Little Shasta Rd. at upper
crossing of Little Shasta River, Cascade Range ca.

20 air mi E ofYreka, ca 4800 ft, 30 Jul 2006, Ertter

18746 (MO, UC); Tehama Co., E side Hwy 32, ca.

4 mi S of bridge across Deer Creek, 28 Aug 2001,

Ahart 9181 (CHSC, JEPS), Judd Creek on
Ponderosa Way 0.5 mi S of Plum Creek Rd., 14

Jun 1 992, Ertter & Shevock 11170 (MO, UC); Yuba
Co., tributary of Buckeye Creek between Scales

Rd. & La Porte Rd. ca. 1 mi from jet., 23 Jun 2007,

Ertter & Ahart 19076 (MO, UC). OREGON: Lake
Co., 26 mi W of Lakeview on Rt. 140, 0.5 mi E of

Quartz Creek crossing in Fremont National
Forest, ca. 5300 ft, 29 Jul 2006, Ertter 18731

(MO, OSC, UC).

Phenology, habitat, and distribution. Flowering
June to August, fruiting August to October.

Growing on streamsides, meadow margins, and
seasonally moist areas in openings in mid-
montane forests, in full sun to partial shade,

from 150 to 1700 m elevation, in the northern

Sierra Nevada and southern Cascade Range in

northern Cahfornia and adjacent Oregon.

The representative specimens cited above de-

fine the core morphological identity and geo-

graphic distribution of Rosa pisocarpa subsp.

aharta, as here circumscribed. The full geographic

range of the subspecies remains to be determined,

since existing herbarium specimens are both
sparse and frequently inadequate for confident

identification, given the high level of plasticity in

Rosa. To the west, populations that are interme-

diate between the two subspecies of R. pisocarpa

are commonly encountered: e.g., Siskiyou Co.,

Metcalfs Ranch, NE base of Mt. Eddy, Heller

12112 (UC); Trinity Co., Coffee Creek at Union
Creek Fork, Hall 8557 (UC). Collections that may
represent subsp. ahartii occur as far west as

Ashland Butte in Oregon (Jepson 5281, JEPS),

while populations with most of the diagnostic

features of subsp. pisocarpa can be found as far

inland as Butte Meadows in Butte Co., California

(e.g., Oswald & Ahart 4346: CHSC, UC).
The boundary with R. woodsii subsp. ultra-

montana to the east is more sharply defined,

though not absolute, in that plants referable to

this latter taxon (on the basis of prickles, leaflet

shape, toothing, and vestiture) enter the Califor-
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nia Floristic Province only in the valleys extend-

ing west from the Great Basin Province in

northeastern Cahfornia {sensu Hickman 1993),

including Sierra Valley and Honey Lake Valley.

Possible intermediates between R. pisocarpa

subsp. ahartii and R. woodsii subsp. ultramontana

include Nevada Co., Truckee Canyon, Brandegee
s.n. (UC) and Plumas Co., 3/4 mi NE of Chester,

strand of Lake Almanor, Ahart 9202 (CHSC,
JEPS). It is conceivable that subsp. ahartii is the

hybrid derivative of R. pisocarpa and R. woodsii

subsp. ultramontana, but if so, it has evidently

stabilized sufficiently to be the dominant repre-

sentative of the R. blanda complex within its core

range. Specimens from the Yosemite Valley area

are also difficult to assign with certainty, with

subsp. ahartii possibly extending as far south as

Mariposa County (e.g., Mariposa Big Trees,

Jepson 5657: JEPS).

A close relationship to Rosa californica seems
unlikely, in spite of the occasionally curved
prickles that are a key diagnostic feature of this

taxon (Munz 1959; Ertter 1993). Not only does

R. californica tends to be a coarser plant with

relatively larger hips, it also usually has a

distinctive vestiture on the leaflets and rachis,

consisting of longer, shaggier hairs than charac-

terizes members of the R. blanda complex,
including the new entity in question. Further-

more, members of the R. blanda complex are

diploids, whereas R. californica is tetraploid, such

that hybridization is unlikely to occur on a

regular basis. Still, there are some populations

that combine features of R. californica and R.

pisocarpa subsp. ahartii, such as stouter prickles

than is the norm for the latter; a prime example is

a population from North Honcut Creek on the

Ahart Ranch (e.g., Ahart 9709: CHSC, JEPS,
MO), situated at the very base of the Sierra

Nevada foothills in Butte County.

The epithet honors Lowell Ahart (b. 1938), an
avid avocational collector who has added signif-

icantly to our knowledge of the flora of northern

California, and whose special effort to collect

material used in the current study has been
instrumental in deducing the patterns of variation

of Rosa in the area of interest. "Ahart rose" is an
appropriate vernacular name. The two subspecies

can be distinguished with the following key:

la. Flowers (l-)3-10; sepals most frequently with

conspicuous stalked glands and conspicuously

prolonged and expanded tips; prickles usually

paired at nodes, though often sparse to absent

in upper plant; hip globose, abruptly narrowed
to 2-3 mm wide neck; leaflets more often 7

than 5, the terminal leaflet 1.5-3.5 cm
long subsp. pisocarpa

lb. Flowers l-3(-10); sepals most frequently

glandless with tips only moderately prolonged
and expanded; prickles 0, single, or paired at

nodes, sparse to absent throughout; hip ovoid

to subglobose, gradually to abruptly narrowed
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to 2.5-3.5 mm wide neck; leaflets more often 5

than 7, the terminal leaflet 2^.5(-6) cm
long subsp. ahartii

Note added in proof: Root tip counts (W.
Lewis, unpubl. data) and flow cytometric analysis

of leaf DNA (A. Bruneau, unpubl. data) indicate

that R. pisocarpa subsp. ahartii is tetraploid (2n =
28), suggesting a possible hybrid origin involving

R. californica.

A New Variety of Rosa gymnocarpa

The wood rose, Rosa gymnocarpa Nutt., is

perhaps the most distinctive species of Rosa in

western North America. The key diagnostic

character is the mature hip, from which the

sepals collectively separate as a unit along a clean

line of dehiscence. The species is also readily

recognized in flower, by virtue of its typically

solitary flowers, small hypanthia (only 1.5-2 mm
wide), commonly stalked-glandular pedicels, and
glabrous, glandular-toothed leaflets. It is also one
of the only species that prefers semi-shade of
forest floors rather than full sun along water-

courses.

In general, the species is remarkably uniform
throughout its range, which extends from south-

ern British Columbia to western Montana,
skirting the Great Basin south to the mountains
of central Cahfornia, reappearing as a disjunct

occurrence in the Palomar Mountains of San
Diego, California. There are nevertheless some
sporadic and localized variants; e.g., populations

with finely puberulent leaf rachises in the Coast
Ranges of California, populations with promi-

nent infrastipular prickles in the San Francisco

Bay Area, and populations lacking stalked glands

on the pedicels in the Siskiyou Mountains. Some
of these variants probably coincide with species

described by Greene (1912) in the R. gymnocarpa
complex and might qualify as subspecies or

varieties, but at the present time our evaluation

is that their occurrence is too sporadic or poorly

defined to merit taxonomic recognition. The one
exception, for which there is no existing name, is

described here. The rank of variety is used since it

occurs in a relatively localized, well-defined

ecogeographic setting.

Rosa gymnocarpa Nutt. var. serpentina Ertter &
W. H. Lewis, var. nov. (Fig. 2)—TYPE: USA,
California: Del Norte Co., Old Gasquet Toll

Road 1.3 mi from junction of North Fork Rd.
E of Gasquet, ca. 13 air mi ENE of Crescent

City, stunted forest on serpentinitic substrate,

15 May 1994, B. Ertter 12768 (Holotype: UC;
Isotypes: MO, NY, OSC)

A R. gymnocarpa typica statura brevis foUohs

paucioribus obtusioribus pedicellis saepe eglan-

dulatis differt.

MADRONO
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Fig. 2. Rosa gymnocarpa var. serpentina. A. Habit, showing scattered prickles, leaflets, and solitary flower. B.

Leaf with 5 leaflets, with enlargement of doubly glandular-serrate leaflet margin. C. Flower bud with small

hypanthium, stipitate-glandular pedicel, and short sepal tips. D. Paired irregularly elongate-ellipsoid hips, one prior

to sepal dehiscence, with relatively short pedicels and leafy bract; stipitate-glandular and eglandular pedicels are

common in paired arrangements. (A-C drawn from Ertter 12781; D from Ertter 14987).
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Rhizomatous shrubs or subshrubs. Steins

solitary to loosely clustered, erect, (0.1-)0.3-

0.6(-1.3) m tall, 2-8 mm diam. at base, some-
times glaucous when young, with age reddish or

grayish brown, outer layer sometimes exfoliating

as thin ash-gray sheet; prickles sparse to abun-
dant, occurring primarily as straight, slender

internodal aciculi 2-8 mm long, less than 1 mm
wide at base, abruptly flaring to a 0.5-5 mm long

attachment, infrastipular pair sometimes slightly

larger and more conspicuous. Leaves 2-6(-8) cm
long X 1.5-3(^) cm wide; stipules 5-1 1 mm long

(including 2-3 mm long auricle) X 3-5 mm wide,

the margins stipitate-glandular; petiole and rachis

with scattered stipitate glands and pricklets,

otherwise glabrous; leaflets 5-7, most commonly
5, sometimes glandular, otherwise glabrous, often

bluish green or red-tinged, relatively thick;

terminal leaflet with petiolule 2-10 mm long,

the blade broadly elliptic to obovate or ovate to

nearly round, basally obtuse to rounded (cune-

ate), apically obtuse to rounded, sometimes
nearly truncate, 0.5-2 cm long X 0.5-2 cm wide,

doubly glandular-serrate with 7-13 acute to

obtuse 1° teeth per side on distal 4/5 of blade.

Inflorescences 1-3-flowered on short side branch-

es, commonly solitary; bracts, when present, 4-

8 mm long, the margins stipitate-glandular;

pedicels 1-1.5 cm long, with or without stipitate

glands, otherwise glabrous. Flowers ±2 cm
diam.; hypanthium glabrous, narrowly ovoid-

urceolate, 3^ mm long X 1.5-2 mm wide in bud;

sepals glabrous, 4-10 mm long, the tip only

slightly prolonged and expanded, collectively

deciduous at fruit maturity from well-defined

line of dehiscence; petals rose-pink, 8-10 mm
long X 6-10 mm wide; styles few, pilose, exserted

± 1 mm beyond ± 1 mm diam. orifice in

±3 mm diam. disc. Hips scarlet, glabrous, irreg-

ularly ovoid to elongate-ellipsoid, 7-15 mm long

X 4-8 mm wide, lacking sepals at maturity.

Achenes 1-4 per hip, cream to light brown,
±5 mm long X ±3 mm wide.

Additional representative specimens. USA, Cal-

ifornia: Del Norte Co., Old Gasquet Toll Rd. 3 mi
W of 18-Mile Creek, 15 May 1994, Enter 12781

(UC), Old Gasquet Toll Rd. 1.4 mi from jet.

North Fork Rd., 22 Jul 1996, Ertter 14986 (MO,
UC + duplicates to distribute). Old Gasquet Toll

Rd. 2.5 mi from jet. North Fork Rd., 22 Jul 1996,

Ertter 14987 (UC), Old Gasquet Toll Rd. 2.6 mi
from jet. North Fork Rd., 23 Jul 1996, Ertter

14998 (UC), Old Gasquet Toll Rd. 2.0 mi W of

18-Mile Creek, 2.3 mi from jet. North Fork Rd.
E of Gasquet, 23 Jul 1996, Ertter 15000 (MO,
UC), E base of Gordon Mt. and ca. 10 mi N of

Big Flat, dry brushy slopes, 3800 ft, 24 Jun 1952,

Munz 17734 (NY), near Gasquet, N side of

Middle Fork of Smith River, on old Gasquet Toll

Rd., at crossing of 18-Mile Creek, mountain

slopes, 1400 ft, 2 Sep 1939, Parks & Tracy 16467
(UC); Humboldt Co., Horse Mt., moist places on
brushy slopes, red soil in serpentine belt, 4700 ft,

16 Aug 1939, Tracy 16404 (UC); Siskiyou Co.,

Preston Peak, 7310 ft, 24 Aug 1929, Kildale 8844
(DS, UC). OREGON: Curry Co., serpentine

ridges near Snow Camp Mt., Siskiyou Mts.,

4500 ft, 22 Jun 1936, Thompson 12876 (MO,
NY); Curry/Josephine Co. line, Pearsoll Peak,

3500 ft, 18 Jun 1930, Leach 3009 (OSC, UC);
Josephine Co., near Waldo, Henderson 6027
(MO).

Phenology, habitat, and distribution. Flowering
April to June, fruiting July to September.
Growing on roadsides, ridges, streambanks, and
openings in chaparral and stunted forest on
ultramafic (peridotite) substrates, from at least

400 to 1500 m elevation, possibly to 2300 m, in

the Siskiyou Mountains of northwestern Califor-

nia and adjacent southwestern Oregon.

Rosa gymnocarpa var. serpentina is described to

accommodate populations occurring in full sun in

chaparral and stunted forests on ultramafic

substrates in the Siskiyou Mountains of north-

western California and adjacent southwestern

Oregon. These plants tend to be relatively short,

with leaflets that are fewer, rounder, and more
leathery than is otherwise typical for R. gymno-
carpa, often with a blue-green or reddish cast.

Pedicels are shorter than average and often lack

the characteristic stalked glands of typical R.

gymnocarpa, with this latter feature frequently

differing between paired flowers (as in Fig. 2). At
its extreme, the variety is quite distinctive, but

populations of R. gymnocarpa on non-ultramafic

substrates in the same general area tend to be

intermediate between var. serpentina and typical

R. gymnocarpa. It is possible that the variety

represents the hybrid between R. gymnocarpa and
sympatric Rosa spithamea S. Watson, which has

similar leaves and gestalt, but even if so, it is now
a stabilized entity characteristic of ultramafic

substrates in the Siskiyou Mountains. More field

work is needed to determine the full biogeographic

distribution; sterile specimens from Preston Peak
{Kildale 8844) in Siskiyou County, California, are

tentatively included, and some collections from as

far east as Mount Shasta (e.g., Cooke 11094, UC)
could possibly fall into var. serpentina.

The epithet "serpentina" is chosen to empha-
size the variety's ultramafic substrate, commonly
referred to as serpentine by botanists even when
technically a related rock type (e.g., peridotite).

"Gasquet rose" is suggested as a vernacular

name, in reference to the area where it is most
commonly encountered. The two varieties can be

distinguished with the following key:

la. Leaflets commonly (5-)7-9 per leaf, the

terminal one elliptic to obovate or ovate,

apically ± obtuse or sometimes nearly acute
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or rounded, (0.5-)l-3(-6) cm long; pedicels (1-)

1.5-2.5(-3.5) cm long; plants to 1.5(-2.5) m
' tall; generally in shade in and at the edges of

forests; southern British Columbia south to

southern California, east to Montana
var. gymnocarpa

lb. Leaflets commonly 5(-7) per leaf, the terminal

one broadly elliptic to nearly round, apically

broadly obtuse to rounded, sometimes nearly

truncate, 0.4-2 cm long; pedicels 1-1.5 cm
long; plants to 0.6(-1.3) m tall; full sun in

ultramafic chaparral and stunted forests;

Siskiyou Mountains of southwestern Oregon
and northwestern California var. serpentina
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NOTEWORTHY COLLECTIONS

Washington

Geranium LUCiDUM L. (GERANIACEAE).—Clark
Co., old road N of Route 14, 2.4 km W of Skamania
Co. line, elev. 90 m, TIN R4E S14, 9 Nov 2005,

Abbruzzese s.n. (WTU); same site, 12 June 2006,

Abbmzzese s.n. (WTU); Skagit Co., Padilla Bay
National Estuarine Research Reserve, Interpretive

Center and nearby fields, elev. 20 m, 48° 29.7'N, 122°

28.78'W, 5 May 2006, Giblin 356 Zika & Legler (WTU).
Previous knowledge. Shining crane's-bill is an invasive

weed in western Oregon, north to Multnomah Co.
(Oregon Plant Atlas Version 3.0. Oregon Flora Project

[http://www.oregonflora.org/atlas.php]) and is native to

Europe.

Significance. First collections for Washington.

Jasione MONTANA L. (CAMPANULACEAE).—
Clark Co., Route 14, 50 m W of Skamania Co. line;

elev. 60 m, 45° 33.6'N, 122° 14.9'W, 12 Oct 2005, Zika
22576 (WTU); Skamania Co., junction of Route 14 and
E end of Prindle Road, elev. 15 m, 45° 35.5'N, 122°

8.6'W, 12 Oct 2005, Zika 22562 (WTU); Skamania Co.,

junction of Route 14 and Canyon Creek Road, 2 road
km E of Cape Horn lookout, elev. 140 m, 45° 35.3'N,
122° 10.6'W, 12 Oct 2005, Zika 22554 (OSC); Skamania
Co., Route 14, E side of Prindle, elev. 15 m, 45° 35.7'N,
122° 7.9'W, 12 Oct 2005, Zika 22568 (RM, NY);
Skamania Co., Route 14, 100 m W of Franz Lake
viewpoint, S of Archer Mountain, elev. 25 m, 45°

36.4' N, 122° 5.1'W, 12 Oct 2005, Zika 22572 (WTU).
Previous know/edge. Sheep's bit is adventive in

Clatsop Co., Oregon {Sayce s.n., Rummel s.n. WTU),
and is native to Europe.

Significance. First collections for Washington.

LUZULA CAMPESTRIS (L.) DC. (JUNCACEAE).—
Snohomish Co., shoulder, Freeborn Road just west of

56th Avenue NW, 5.1 air km NE of Stanwood, 48°

16.rN, 122° 18.7'W, elev. 66 m., 15 Apr 2006, Legler

3210 (WTU, WS, OSC); Skagit Co., Intersection of

Starbird and Bulson Roads, 5.3 air km SE of Conway,
48° 18.5'N, 122° 17.5'W, elev. 102 m., 15 Apr 2006,

Legler 3216 (WTU); Snohomish Co., shoulder, 234th

Street NW, ca. 0.2 km E of 37th Avenue NE, 4.2 air km
WNW of Arlington, 48° 12.5'N, 122° 10.8'W, elev.

96 m., 15 Apr 2006, Legler 3217 (WTU, OSC);
Snohomish Co., storage pond, intersection of 172nd
Street NE (Hwy 531) and 45 Road, 3.9 air km W of

Smokey Point, 48° 9.1 'N, 122° 14.3'W, elev. 72 m., 17

Apr 2006, Legler 3218 (WTU, WS, OSC); Snohomish
Co., Seattle Hill Road, 0.6 km SW of Lowell-Larimer
Road, 4.8 air km SW of Snohomish, 47° 53.3'N, 122°

8.9'W, elev. 59 m., 17 Apr 2006, Legler 3219 (WTU,
OSC); Snohomish Co., along Burn Road 0.2 km SE of

Stehr Road, 6.9 air km NW of Granite Falls, 48 7.3 'N,

122° 2.4'W, elev. 137 m., 17 Apr 2006, Legler 3221
(WTU); Island Co., along N Ell Road 50 m N of Ranch
Road, NE end of Camano Island, 48° 14.1'N, 122°

24.3'W, elev. 30 m., 20 Apr 2006, Legler 3225 (WTU,
WS, OSC, UBC, CAN, NY); Snohomish Co., baseball

field by Highway 9, Bryant, 48° 14.4'N, 122° 9.6'W,
elev. 51 m., 22 Apr 2006, Legler 3226 (WTU, WS, OSC,
UBC, NY); Snohomish Co., shoulder. Old Hwy 99, ca.

1.6 km S of Interstate 5 exit 218, 48° 17.6'N, 122°

17.9'W, elev. 90 m., 5 May 2006, Giblin 358 Zika &
Legler (WTU).

Previous knowledge. Field woodrush is native to

Europe and has been previously reported from British

Columbia (G.W. Douglas, D. Meidinger, J. Pojar, eds.

2001. Illustrated Flora of British Columbia, Volume 6.

Victoria, B.C.), and northeastern North America (Flora

of North America Editorial Committee, eds. 1993+.

Flora of North America North of Mexico, 12+ vols.

New York and Oxford. Volume 22, p. 266).

Significance. First documented collections from Wash-
ington. The presence of vigorous stolons and rhizomes
differentiates Luzula campestris from similar cespitose

species—native L. comosa E. Meyer and introduced L.

multiflora (Ehrh.) Lej. subsp. multiflora. At many cited

localities L. campestris has spread to form large patches

in lawns and on grassy roadsides most easily observed in

early-mid spring before mowing commences.
Paulownia tomentosa (Thunb.) Sieb. & Zucc. ex

Steud. (SCROPHULARIACEAE).~King Co., crack

at edge of building, campus of University of Washing-
ton, Seattle, elev. 25 m, 26 Oct 1999, Zika 14664 &
Jacobson (WTUH); Skamania Co., cobble bank, N
shore of Columbia River, elev. 10 m, 12 Oct 2005, Zika
22583 (WTU); Skamania Co., railroad right-of-way,

Route 14, Skamania, elev. 15 m, 12 Oct 2005, Zika
22579 (MO, UC, WTU, OSC); Skamania Co., crack in

pavement. Route 14, Stevenson, elev. 50 m, 12 Oct
2005, Zika 22588 (WTU).

Previous knowledge. Princess tree is native to China
and commonly naturalized in eastern North America
(H.A. Gleason & A. Cronquist. 1991. Manual of

Vascular Plants of Northeastern United States and
Adjacent Canada. 2nd ed. New York Botanical Garden
Press, New York). It has also been collected as a yard

weed in western Oregon {Reed s.n. OSC).
Significance. First report as an escape from cultiva-

tion in Washington.
Prunus padus L. (ROSACEAE).—Snohomish Co.,

E side of Interstate 5, near 36th Avenue NW, ca. 6 air

km SW of Lake McMurray, 48° 16'N, 122° 17'W, elev.

94 m., 16 May 2002, Zika 16875 (WTU); Snohomish
Co., Jackson Gulch Road at crossing of Pilchuck

Creek, 8 air km W of Arlington, 48° 12.6'N, 122°

13.5'W, elev. 9 m., 5 May 2003, Legler 357 (WTU);
Snohomish Co., shoulder. Route 530, 0.3 km W of

Stillaguamish River, 0.8 air km N of Silvana, 48°

12.5'N, 122° 15.1'W, elev. 7 m., 6 May 2003, Legler 360
(WTU); Snohomish Co., along 268th Street NW,
0.5 km W of Anderson Road (28th Avenue NW),
8 km E of Stanwood, 48° 14.3'N, 122° 15.8'W, elev.

109 m., 28 Apr 2004, Legler 1479 (WTU); Snohomish
Co., along Old Hwy 99 just S of 276th Street NW,
9.2 km E of Stanwood, 48° 14.7'N, 122° 14.9'W, elev.

88 m., 30 Apr 2005, Legler 2600 (WTU); Snohomish
Co., 280th Street NW, just W of 28th Avenue NW,
7.7 km E of Stanwood, 48° 15'N, 122° 16.2'W, elev.

106 m., 30 Apr 2005, Legler 2601 (WTU); Snohomish
Co., Old Route 99, 7.7 km NE of Stanwood, 46°

16.5'N, 122° 16.5'W, elev. 106 m., 30 Apr 2005, Legler

2602 (WTU); Snohomish Co., Bulson Road (44th),

0.3 km S of Skagit Co. line, 8 km NE of Stanwood, 48

17.7'N, 122° 17.4'W, elev. 106 m., 30 Apr 2005, Legler
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2603 (WTU); Skagit Co., Route 534, 4.7 road km NW
of Route 9, 48° 20.1'N, 122° 17.3'W, elev. 82 m., 30

Apr 2005, Leg/er 2604 (WTU); Snohomish Co.,

shoulder. Old Route 99, 1.6 km S of Interstate 5 exit

218, 48° 17.6'N, 122° 17.9'W, elev. 90 m., 5 May 2006,

Giblin 357 Zika & Leg/er (WTU).
Previous know/edge. Bird cherry is native to Eurasia,

with naturalized populations known from eastern

North America (H.A. Gleason & A. Cronquist, ibid.),

Montana (P.M. Rice. INVADERS Database System

[http://invader.dbs.umt.edu]), and Alaska (ALA).

Significance. First documented naturalized collec-

tions from Washington. At many of the cited localities

both mature trees and saplings can be found along road

edges, hedgerows, and in adjacent forests.

SoRBUS HYBRIDA L. (ROSACEAE).—San Juan Co.,

San Juan Islands National Wildlife Refuge and
Wilderness Area, Castle Island; steep W-facing ledge

near summit, 48° 25.3'N, 112° 43.3'W, elev. 29 m., 28

Apr 2005, Legler 2579 (WTU).
Previous knowledge. Hybrid whitebeam, Sorbus

hybrida, is a tetraploid, apomictic hybrid (S. aria (L)

Crantz X S. aucuparia L.) native to Scandinavia. It is a

horticultural introduction in North America dating to

the 19th century. Prior escapes from cultivation are

reported from New England (D.W. Magee, H.E. Ahles.

2007. Flora of the Northeast: a manual of the vascular

flora of New England and adjacent New York. 2nd ed.

University of Massachusetts Press), Idaho and Mon-
tana (P.M. Rice, ibid.), and Utah (S.L. Welsh, N.D.
Atwood, L.C. Higgins, S. Goodrich. 1987. A Utah
Flora. Brigham Young University Press, Provo).

Significance. This is the first documentation of Sorbus

hybrida naturahzing in Washington. Like most Sorbus,

its fleshy red fruits are bird-dispersed. Our concern is its

potential for long-distance dispersal and recruitment in

natural, intact habitats. Sorbus aucuparia, with similar

fruits, is naturalized in more than 25 states and several

Canadian provinces. Although we have not made an
intensive search, we know of cultivated S. hybrida trees

no closer than Victoria, British Columbia, ca. 40 air km
west of Castle Island.

—Ben Legler, David Giblin, and Peter F. Zika.
WTU Herbarium, Burke Museum, Box 355325, Uni-

versity of Washington, Seattle, WA 98195-5325. blegler@

u.washington.edu.

Wyoming

Carex lenticularis var. Dolia (M.E.Jones) L.A.
Standi. [= Carex enanderi Hulten; Carex eurystachya

F.J.Herm.; Carex plectocarpa F.J.Herm.] (CYPERA-
CEAE).—Fremont Co., Wind River Range, ca. 0.4 km
ESE of Klondike Lake outlet, ca. 2 km ENE of
Philsmith Peak, ca. 33 km S of Dubois, WY.
43.2322°N 109.6159°W (NAD27), elev. 3338 m. Grow-
ing in shallow meltwater drainage dominated by rock
with Claytonia megarhiza var. megarhiza, Saxifraga
rivularis, Carex scopulorum var. scopulorum, and Juncus
biglumis. 20 August 2006, R. Massatti 8998 (RM).
Verified by L.A. Standley.

Previous knowledge. Carex lenticularis var. dolia was
previously known within the contiguous United States

from five populations, four straddling the Continental
Divide in Glacier and Flathead counties in Glacier

National Park, MT and one occurring in the Absaroka
Mtns., Park Co., MT. The Wind River population

therefore represents a range extension for this taxon of

ca. 260 km to the SSE.

Significance. This is the first report of this taxon in

Wyoming.
FESTUCA VIVIPAROIDEA ssp. KRAJINAE Pav-

lick [= Festuca vivipara (L.) Sm. ssp. glabra Fred.;

Festuca Xviviparoidea Krajina; Festuca vivipara auct.

non (L.) Sm. (misapplied)] (POACEAE).—Sublette

Co., Wind River Range, ridge on E slope of Big Sheep
Mtn., ca. 2 km SW of Lower Green River Lake, ca.

40 km NNE of Cora, WY. T38N R108W NWl/4 sect.

7, elev. ca. 3353 m, slope ca. 30%, aspect 315°. Growing
in crevices in bedrock and gravel. 20 August 1994, [V.

Fertig 15422 (RM). Identified by R. Massatti (RM).
Fremont Co., Wind River Range, E slope of Dry Creek
Ridge, ca. 1.5 km NE of Crater Lake, ca. 42 km SSE of

Dubois, WY. 43.1790°N 109.4607°W (NAD27), elev.

3520 m, slope ca. 37%, aspect 90°. Located on gneissic

cliff shelves below persistent snow pack in crevices

where soil has accumulated. Growing near Kobresia

myosuroides, Epilobium clavatum, Luzula parvijlora,

Draba oligosperma, and Poa arctica. 15 August 2005,

R. Massatti 4211 (RM). Fremont Co., Wind River

Range, upper Dinwoody Creek drainage, ca. 2.6 km E
of Gannett Peak, ca. 1 km NNE of East Sentinel Peak,

on SE side of Dinwoody Creek, ca. 39 km S of Dubois,

WY. UTM Zone 12 47821 92N 612070E (NAD27), elev.

3281 m, slope 20%, aspect 316°. Located in a glacial

valley, down slope from late melting snow banks, on a

solufluction terrace in soils derived from migmatite and
gneiss colluvium over glacial till. Soils deep, loamy-
skeletal, Humic Dystrocryepts. Rare. Growing in alpine

turf vegetation and associated with Scdix arctica var.

petraea, Scdix nivalis, Dryas octopetala ssp. hookeriana,

Kobresia myosuroides, Geum rossii var. turbinatum,

Silene acaulis var. subacaulescens, and Poa arctica. 22

August 2005, A. Wells s.n. (MONT). Identified by M.
Lavin (MONT). Fremont Co., Wind River Range, S

shore of Klondike Lake, ca. 0.7 km NNE Philsmith

Peak, ca. 33 km S of Dubois, WY. 43.2325°N
109.6285°W (NAD27), elev. 3429 m. Growing in soil

derived from granite glacial till, on a north exposure in

imperfectly drained alpine turf patches adjacent to lake

with Kobresia myosuroides, Carex misandra, Festuca

brachyphylla ssp. coloradoensis, Carex scirpoidea ssp.

pseudoscirpoidea, Minuartia obtusiloba, and Carex nova.

20 August 2006, R. Massatti 8986 (RM). Fremont Co.,

Wind River Range, ca. 0.4 km N of Heap Steep

Glacier, ca. 3 km E of Gannett Peak, ca. 39 km S of

Dubois, WY. 43.1806°N 109.6159°W (NAD27), elev.

3484 m, slope ca. 22%, aspect 270 . Growing on a

solufluction terrace in soils derived from migmatite and
gneiss colluvium over glacial till. Associated species

include Kobresia myosuroides, Geum rossii var. turbina-

tum, and Carex scirpoidea var. pseudoscirpcndea. 21

August 2006, R. Massatti 9016 (RM).
Previous knowledge. Festuca viviparoidea ssp. krajinae

was previously known within the contiguous United

States from roughly six populations straddling the

Continental Divide in Flathead and Glacier counties in

Glacier National Park, MT. The Wind River popula-

tions therefore represent a southern range extension for

this taxon of ca. 670 km to the SSE.

Significance. This is the first report of this taxon in

Wyoming and the central Rocky Mountain region.

Although Flora of North America (vol. 24) recognizes
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two subspecies for F. viviparoidea based on Pavlick

(Can. J. Bot. 62: 2448-2462. 1984), taxonomic uncer-

tainties persist (Aiken et al. Festuca of North America:

descriptions, illustrations, identification, and informa-

tion retrieval. Version: 19"^ October 2005. http://delta-

intkey.com. 1996- ).

[Vol. 55

—Rob Massatti, Rocky Mountain Herbarium,
Department of Botany, 3165, University of Wyoming,
1000 E. University Ave., Laramie, WY 82071-3165 and
AARON WELLS, Department of Ecology, Montana
State University, P.O. Box 173460, Bozeman, MT
59717-3460.
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Native Treasures: Gardening With the Plants of
CaUfornia. By MICHAEL Nevin Smith. 2006.

University of California Press, Berkeley, CA.
288 pp. ISBN 0-520-24425-2 $60.00, hardcover.

ISBN 0-520-24426-9 $24.95, paperback.

Michael Nevin Smith, Director of Horticulture

at Suncrest Nurseries, Inc., is a well-respected

plantsman and propagator. Attributes that make
him outstanding in his field-his attention to

detail, powers of observation & nurturing spirit

are beautifully conveyed throughout Native Trea-

sures; Gardening with the Plants of California.

Thoughtful and lyrical prose-make this book a

thoroughly engaging enjoyable practical, yet

literary adventure. Its strength unquestionably

rests on the fact that the author has such a strong

personal presence within its pages.

In the introductory chapter, Smith focuses

upon California's botanical heritage, shaped by
the forces of climate, and environment-ultimately

providing his own compelling rationale for

cultivating native plants. Subsequent chapters

"Designs Great and Small" and "Nuts and
Bolts" relate the design process to the selected

species' origins to best methods of planting and
cultivation. "Filling Your Garden: Propagation

of Native Plants" generally describes propagation

techniques honed with Smith's years of experi-

ence.

For many years, Mr. Smith contributed

articles to the journal of the California Native

Plant Society on some of the more prominent and
desirable of California's genera. These have
provided the basis for the plant profiles in "A
Few of My Favorite Things". This section is

divided into "Trees," "Shrubs," "Subshrubs and
Herbaceous Perennials," "Bulbs and Corms,"
and "Annuals" -and each further divided into

"Ode to an Oak," for example; "Sages for the

Senses", or "Fragrant Clouds of Lupine." Each
plant entry consists of a vibrant description,

including notable characteristics of the genus,

additional cultivars, typical natural habitat as

well as cultural preferences along with enlighten-

ing photographs. Most prized is the inclusion of

each genus' specific time-tested propagation

techniques—information that is hard to come
by and to be treasured when shared.

—Melanie Baer-Keeley, Restoration Horticulturist,

Sequoia & Kings Canyon National Parks, 47050
Generals Hwy, Three Rivers, CA 93271; Melanie_

Baer-Keeley@nps.gov.
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Abstract

We investigated the phylogenetic relationships and taxonomic status of the castaneoid component
{Lithocarpus and Chrysolepis) of the family Fagaceae that is endemic to the California Floristic

Province (CA-FP). Over 7800 basepairs of nuclear and chloroplast DNA were analyzed in 17 taxa

representing the breadth of phylogenetic diversity in the family. The genus Lithocarpus^ as currently

defined, is clearly polyphyletic due to the inclusion of L. densiJJorus. Here, we designate this taxon as a

new genus, Notholithocarpus, which can be recognized morphologically by its relatively small,

subprolate pollen. Notholithocarpus is more closely related to Quercus, Castcinea, and Castcmopsis;

Chrysolepis was resolved as the sister group to Lithocarpus sensu stricto. These results indicate that

Notholithocarpus does not possess true 'flower cupules,' which define Lithocarpus sensu stricto, but

like the oaks, the single fiower per cupule is derived through the abortion of lateral flowers within each

cupule. Further study is required to confirm this characteristic. A formal taxonomic treatment is

presented with new combinations.

Key Words: California Floristic Province, Chrysolepis, Fagaceae, Lithocarpus, Notholithocarpus,

phylogeny, sudden oak death, tanbark oak.

The Cahfornia Floristic Province (CA-FP) of

western North America is rich in paleoendemic
plant species that highlight the botanical legacy

of the region and stimulate discussion on the

affinities of many of these putatively isolated taxa

(Stebbins and Major 1965; Raven and Axelrod
1978). Among these taxa are representatives of
the largely tropical East Asian castaneoid sub-

family of the Fagaceae: Chrysolepis Hjelmq. and
Lithocarpus Blume. Both are morphologically
similar to other broadleaf evergreen Fagaceae of
eastern Asia, but their phylogenetic position

within Fagaceae is either unresolved or has been
put into question with recently available data. In

this study, we address the relationships of the

castaneoids of the CA-FP and discuss the

implications of our findings in the context of
taxonomy, cupule evolution, and biogeography.

The two castaneoid taxa in question are well

represented in several CA-FP communities (Bar-

bour and Minnich 2000), and both express
sufficient differentiation in habit and leaf morphol-
ogy for the recognition of taxa at the subspecific- to

species-level. The tanbark oak, Lithocarpus densi-

florus var. densiflorus (Hook. & Arn.) Rehder, a

tree that reaches 45 m, often occurs as a co-

dominant in the redwood and mixed evergreen

forests of the north coast ranges; its shrub form,

L. densiflorus var. echinoides (R. Br. ter) Abrams
is more common in open conifer forests and dry

slopes of the northern interior CA-FP at higher

elevations. The giant chinquapin, Chrysolepis

chrysophylla (Douglas ex Hook.) Hjelmq., a tree

potentially reaching 50 m, also occurs mostly in

redwood and mixed evergreen forest. The bush
chinquapin, Chrysolepis sempervirens (Kell.)

Hjelmq., is more common at higher elevations

as a low-growing shrub on rocky slopes under
coniferous forests of the Sierra Nevada and in the

isolated interior ranges of southern California.

Taxonomic delimitation of the castaneoid

genera is based largely on characters of the

pistillate flower and cupule. The most important

morphological characteristic for defining Chryso-

lepis is a cupule with internal valves separating

the fruits (Hjelmquist 1948). This condition is

autapomorphic within Fagaceae, and the valves

have been interpreted as vestiges of the branches
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of higher-order inflorescences (Nixon and Crepet

1989). Both chinquapin species originally were
treated in the chestnut genus Castcmea Miller,

and later transferred to the strictly Asian genus

Castanopsis (D. Don) Spach, consistent with their

evergreen habit, leaf venation, and spiny cupule.

Hjelmquist's (1948) segregation of the chinqua-

pins into Cluysolepis was supported by Jones'

(1986) foliar investigation of the family. He noted

that compared to Castanopsis, Chrysolepis has

smaller leaves and unique thick-walled peltate

trichomes, likely adaptations to xeric conditions.

Recent phylogenetic studies also have supported

this distinction, resolving Castanea and Casta-

nopsis as sister genera to the exclusion of

Chrvsolepis (e.g., Manos et al. 2001; Oh and
Manos 2008).

The taxonomic history of Lithocarpus densi-

florus is relatively straightforward. The species

was recognized first within Qiiercus, with the

following commentary: ''This remarkable plant

has very much the appearance of a Castanea, the

fruit in the only specimen we possess being

situated at the base of a male somewhat fascicled

catkin of the former year, while the numerous
male catkins of the present year present no
appearance whatever of female flowers." (Hooker
and Arnott 1840, p. 391). The acorn-like fruit of

L. densiflorus develops biennially from a single

pistillate flower surrounded by a valveless cupule.

Miquel (1857) first introduced Qiiercus subg.

Pasania in a treatment of south Asian species of

Fagaceae and Orsted (1866) later raised the

subgenus Pasania to the generic rank, wherein

Pasania c/ensiflora (Hook. & Arn.) Oerst. was
treated together with a mixture of largely Asian
species under subg. Eupasania. Although no type

has been associated with the name Pasania, the

name is often misapplied to Asian species of

Lithocarpus (Prantl 1888). Rehder (1917) treated

Pasania densiflora within Lithocarpus, and Camus
(1936-1954) placed L. densiflorus within Litho-

carpus subg. Pasania, in the monotypic sect.

Androgyne.

Historically, there has been little doubt about
the relationship of L. densijlorus to the approx-

imately 250 species of Asian Lithocarpus (stone

oaks). The genus concept is supported by the

flower-cupule described by Forman (1966a, b),

wherein each pistillate flower of a dichasium is

surrounded by a distinct valveless cupule. As a

whole, the genus Lithocarpus shows abundant
variation in inflorescence structure, sexual condi-

tion of the flower spikes, numbers of staminate

and pistillate flowers in each dichasium, fruit type,

and cupule type and ornamentation (Kaul 1987;

Cannon and Manos 2001). In L. densijlorus, the

inflorescences may be androgynous with pistillate

flowers at the base, or entirely staminate. There is

a single pistillate flower per dichasium, and the

cupules bear strongly reflexed scales.

While the combination of reproductive features

observed in L. densijlorus fits comfortably into the

range of variation observed in Asian Lithocarpus,

non-floral studies have suggested otherwise. Most
Asian Lithocarpus possess 2 to 4-rayed thick-

walled trichomes, while L. densijlorus has distinct

multiradiate thin-walled trichomes (Jones 1986;

Cannon and Manos 2000). In addition, previous
molecular phylogenetic studies showed that L.

densijlorus does not form a clade with species of
Asian Lithocarpus, one of the most strongly

supported groups in all of Fagaceae (Manos et

al. 2001); the placement of tanbark oak remained
largely unresolved in that analysis.

!

In this study, we clarify these lingering '

questions about the phylogenetic relationships

among the castaneoid taxa of the Fagaceae,

particularly in relation to the endemic CA-FP
|

taxa. Our analysis involves three main goals: 1)

phylogenetic reconstruction of a broad sampling
of Fagaceae, representing all major lineages,

using multiple DNA sequence data sets; 2)

analysis of pollen morphology of L. densijlorus

to further elucidate its relationship to Asian
Lithocarpus; and 3) taxonomic revision of L.

densijlorus based upon these results.

Materials and Methods

Molecular phylogenetics

Seventeen taxa representing all of the currently

recognized genera and major lineages of Faga-
ceae were chosen for study based on previous

phylogenetic analyses (Manos and Stanford 2001;

Manos et al. 2001; Oh and Manos 2008).

Previous analyses addressed intra- and interspe-

cific sampling of the castaneoids of the CA-FP, as

well as Lithocarpus and Castanopsis. The current

sample is designed to focus on the broader
relationships within Fagaceae using more data.

The names, authorities, sources, geographic

origin, and GenBank accession numbers are

summarized in Appendix I. The genus Fagus is

consistently recognized as sister to all remaining

Fagaceae; it is used here as the outgroup (Manos
and Steele 1997; Li et al. 2004).

We included two nuclear loci (ITS region and
CRABS CLAW or CRC) and three chloroplast

regions {trnK-matKltrnK, atpB-rbcL and ndhF).

The CRC data were taken from Oh and Manos
(2008) and the nuclear ITS and chloroplast trnKJ

matK and atpB-rbcL data were obtained from
Manos and Stanford (2001) and Manos et al.

(2001). Some sequences of the trnKlmatK region

and most of atpB-rbcL sequences were newly

generated here, using the methods described in

Manos and Steele (1997) and Manos and
Stanford (2001). The ndhF region was newly

sequenced in this study, using the PCR primers

ndhF972 (5'- ATG TCT CAA TTG GGT TAT
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Table 1. Specimens Used in the Pollen Study.

NotJwlithocarpiis deusifloi-us, California, Butte Co.,

border of ponderosa pine, Douglas fir forest, 5 mi S

of Sterling City, 12 Jul 1968, Terrell s.n. (US);

Humboldt Co., Seely Ranch, ca. 2 mi E of Willow

Creek on the Trinity River, 3 Jul 1971, Stone 3034

(DUKE); Mendocino Co., along Red Mt. road, N
slope of ridge SE of Red Mt., 8 Jul 1970, Clausen 70-

91 (NY); Oregon, Curry Co., Babyfoot Lake on the

upper drainage of the Chetco River, 22 Sep 1964,

Chambers 2277 (US)

Chrysolepis chrysophylla. California, Shasta Co., E-face

of Crater Peak, 8200 ft, volcanic, subalpine, 16 Aug
1964, /. Olmsted 259 (DUKE).

Lithocarpus dealhatus (Hook.f & Thomson ex Miq.)

Rehder; China, Sichuan, Yong-Jia: Manos 1288

(DUKE)

Castanopsis indica (Roxb. ex Lindley) A. DC: China,

Yunnan, Menglum: Manos and Zhou 1426 (DUKE)

ATG ATG; Olmstead and Sweere 1994) and
FndhF2110R (5'- CCT CCT ATA TAT TTG
ATA CCC TCT CC) with Phusion High-Fidelity

DNA polymerase (New England Biolabs, Ips-

wich, Massachusetts, USA) under the following

conditions in 25 \xL reactions: initial denatur-

ation at 98 C for 1 min 30 s, 40 cycles of 98 C for

10 s, 60 C for 30 s, and 72 =C for 1 min, followed

by final extension at 72 C for 7 min. PGR
products were purified with the QlAquick PGR
Purification kit (Qiagen, Valencia, California,

USA). All sequences were deteimined at the

DNA sequencing facility at the Duke Institute for

Genome Sciences and Policy that uses a 3730x1

DNA Analyzer (Applied Biosystems, Foster City,

California, USA). Sequences were edited in

Sequencher version 4.5 (Gene Codes Corpora-
tion, Ann Arbor, Michigan).

Sequences were manually aligned using Mac-
Clade version 4.06 (Maddison and Maddison
2000). Phylogenetic analysis of the combined
data was conducted with maximum parsimony
(MP) and maximum likelihood (ML) methods.
Eighteen sites in intron four of CRC were
excluded in the analyses because of alignment
ambiguity. All other characters were treated as

unordered and equally weighted in the MP
analyses. Gaps resulting from multiple alignment
of indels were treated as missing data. In both
MP and ML analyses, heuristic searches in

PAUP* (Swofford 2002) were used to find the

best scored tree with 100 replicates of random
taxon addition and tree bisection-reconnection

(TBR) branch swapping, saving all of the best

trees at each step (MulTrees). Branches with a

minimum length of zero were collapsed using
"amb-" option during the searches in the MP
analysis (Nixon and Carpenter 1996). Bootstrap
analysis (Felsenstein 1985) using the MP criterion

with 500 pseudoreplicates was conducted with

simple sequence addition and TBR branch
swapping in PAUP*. The best fitting evolution-

ary model in the ML analysis was determined by
the hierarchical likelihood ratio test using Mod-
eltest 3.06 (Posada and Crandall 1998).

ML bootstrap analyses were conducted with

500 pseudoreplicates by using the program
GARLI version 0.951 (Zwickl 2006). A six-

substitution parameter model was employed to

calculate a likelihood value. Empirical base

frequencies were used, and other parameters,

including the shape parameter of gamma distri-

bution and proportion of invariable sites, were
estimated from the data. Default values were
used for genetic algorithm and other settings.

We tested the monophyly of Lithocarpus,

including L. densijlorus, using the Shimodaira-
Hasegawa test (Shimodaira and Hasegawa 1999;

SH test), as implemented in PAUP*. For the SH
test, MP trees generated enforcing the topological

constraint were evaluated against the original MP
tree based on 10,000 bootstrap pseudoreplicates

using the re-estimated log likelihood (RELL)
method.

Palynology

The pollen of four specimens of Lithocarpus

densiflorus collected in California and Oregon
was examined, in addition to representative

species of other castaneoid genera (Table 1).

Pollen grains were acetolyzed using the method
in Faegri and Iversen (1950). Specimens were

mounted on stubs, coated with gold palladium

with a Hummer 6.2 sputter coater ( Anatech), and
observed and photographed using a Philips XL30
ESEM TMP (FEI Company) in the Department
of Biology SEM facility of Duke University. We
also measured polar and equatorial diameter and
calculated the P/E ratio for 30 pollen grains of L.

densiflorus with light microscopy (LM) using the

following collections: Terrell s.n. (US), Clausen

70-91 (NY), and Chambers 2277 (US). The pollen

was mounted and stained with lactophenol-

cotton blue and viewed under a Leitz microscope

at lOOOX magnification.

Results

The final alignment of combined data included

7866 characters of which 1022 were parsimony-
informative. The alignment was deposited in

TreeBASE (URL: http://www.treebase.org/).

The MP analysis produced a single tree with a

length of 1946 steps, consistency index of 0.573

(excluding uninformative characters), and reten-

tion index of 0.643. ModelTest selected the

general time-reversal model (GTR; Swofford et

al. 1996) with six rate parameters, the gamma
distribution parameter (F), a = 0.793, and
proportion of invariable sites (Pinvar) = 0.4386
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Castanopsis argyrophylla

Castanopsis fissa

Castanopsis carlesii

Castanea mollissima

Quercus myrsinifolia

Quercus suber

Notholithocarpus densiflorus

Quercus robur

Quercus rubra

Quercus tomentella

Lithocarpus pachylepis

Lithocarpus xylocarpus

Chrysolepis chrysophylla

Trigonobalanus verticillata

Formanodendron doichangensis

Colombobalanus excelsa

Fagus grandifolia

SE Asia

D NH

Old World

New World*

SE Asia

Fig. 1. Maximum likelihood tree from the analysis of the combined ITS, CRC, and cpDNA data. Bootstrap

proportions using MP are indicated above branches and those based on ML are below. Boldfaced taxa are

paleoendemics of the California Floristic Province; shaded boxes indicate subfamily Castaneoideae; area

designations: SE Asia = Southeast Asia, NH = Northern Hemisphere; *New World Quercus clade contains

approximately 15 species of Eurasian white oaks {Quercus sect. Quercus s. s.).

as the best fitting model for the data. The ML
tree (Fig. 1) is identical to the MP tree, except for

the position of Lithocarpus densiflorus. In the ML
tree, L. densiflorus was sister to a weakly
supported clade that contains Old World oaks,

Castanea, and Castanopsis. In MP tree, L.

densiflorus was placed as sister to the New World

oaks, but this relationship was not supported in

bootstrap analysis (results not shown). Overall

close relationship of L. densiflorus to Quercus

Castanea, and Castanopsis was strongly support- i

ed (100% bootstrap value) in both MP and ML
i

analyses (Fig. 1). Asian species of Lithocarpus

formed a strongly supported clade with Chryso- l
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lepis. Forcing the monophyly of Lithocarpus and
L. densijlorus required 48 additions steps, and the

SH test indicated that the constrained topology is

significantly worse than the original tree (P <
0.0001).

The pollen of Lithocarpus densijlorus is tricol-

porate and subprolate (Fig. 2A) with an irregu-

larly striate to smooth exine (Fig. 2B). On the

basis of examining 30 pollen grains under LM,
the average measurement was 17.8 X 12.7 \xm

(polar = 17.2 |Lim, minimum and 18.8 |Lim max-
imum; equatorial = 9.42 |am, minimum and
14.1 |am maximum), and the average P/E ratio

was 1.4. The pollen was smaller under the SEM
(12.5 X 10.4 |Lim), but the P/E ratio under both

conditions was similar (1.4 in light vs. 1.2 in

SEM). Apparently, the pollen grains increased

slightly in size after the initial preparation for LM
because of fluid uptake. The pollen grains of

other representative castaneoids were prolate (Fig.

2C-H): Chrysolepis (P/E = 1.8), Asian Lithocar-

pus (P/E = 1.6), and Castanopsis (P/E = 1.5).

Discussion

Phylogenetic analysis of over 7800 nucleotides

resolves the placement of the castaneoids of the

CA-FP into two distinct lineages of the emerging
phylogeny of Fagaceae (Fig. 1). Chrysolepis is

strongly supported as sister to Asian Lithocarpus;

while Lithocarpus densijlorus, hereafter referred

to as Notho/ithocarpus densijlorus (formal taxo-

nomic treatment is provided below) is placed

within the Quercus and Castanea + Castanopsis

clade, several nodes away from Lithocarpus s. s.

These results clearly indicate the polyphyly of

Lithocarpus s. 1. A similar topology with high

bootstrap support resulted from analysis of
nuclear sequences (CRABS CLAW; ITS) with a

larger sample of taxa (Oh and Manos 2008) and a

previous analysis of only the ITS region across

Fagaceae, including over 50 species of Lithocar-

pus s.s. also provided strong support for the

monophyly Lithocarpus s.s., but no close rela-

tionship to Notholithocarpus (Manos et al. 2001).

Pollen morphology and ultrastructure have
provided important systematic data to classify

modern Fagaceae, as well as to assess the affinities

of fossil taxa (Crepet and Daghlian 1980; Crepet
and Nixon 1989b; Nixon and Crepet 1989). The
pollen of Quercus and the castaneoid genera are

diagnostic in shape and exine sculpture. The
pollen grains of Quercus are relatively large (27.5
X 25.4 |Lim), subspheroidal, with a granular exine;

the grains of the castaneoid genera are smaller

(18.0 X 10 |am), prolate, with a smooth to striate

exine (Crepet and Daghlian 1980). Pollen varia-

tion among and within the castaneoid genera is

mostly limited to size, but with a trend from more
prolate grains in Chrysolepis, Castanea, and
Lithocarpus s. s., to less prolate in Castanopsis

(Crepet and Daghlian 1980; Wang and Chang
1989; Fig. 2). In contrast, the pollen of Notho-
lithocarpus is distinctly smaller and rounder than
the grains of Lithocarpus s.s. (mean P/E ratio of

1.68), and appears to be among the smallest and
most spheroidal grains (P/E ratio of 1.2) thus far

observed among extant castaneoid species

(Fig. 2). In summary, we consider the distinct

subprolate shape of the pollen grains of Notho-
lithocarpus combined with its unique multi-

radiate leaf trichomes not found in Lithocarpus

s.s. (Jones 1986) and its phylogenetic placement to

be strong evidence to recognize this paleoendemic
of the CA-FP as a separate genus.

Our robust phylogenetic reconstruction of the

Fagaceae provides strong evidence of the para-

phyly of subfamily Castaneoideae (Fig. 1) with

major implications for our understanding of

cupule evolution (Fig. 3). Support for Chrysolepis

as the sister genus to Lithocarpus s.s. combines
two genera that each possess well-defined cupule/

fruit apomorphies. One possible synapomorphy
for this relationship is the flower cupule {sensu

Forman 1966a), where each pistillate flower in a

dichasium is surrounded by cupular tissue. The
placement of the new genus Notholithocarpus

within the Quercus and Castanea + Castanopsis

clade suggests that its single-fruited cupule is

derived from reduced dichasial cupules via loss of

lateral flowers (Fig. 3). Developmental data from
Quercus indicates two initiation points or pri-

mordial cupule valves subtend the pistillate

flower (MacDonald 1979), which represents a

different ontogenetic process than the completely

valveless cupule of Lithocarpus s.s. (Okamoto
1989). Further studies are needed to confirm
these evolutionary patterns of cupule develop-

ment inferred from our phylogenetic analysis of

DNA sequence data.

Delimitation of the castaneoid genera can be

difficult, as few traits are truly fixed and exclusive

to a single genus. For example, while most species

of Castanea and Castanopsis possess three

pistillate flowers per cupule, certain species in

these genera have a single pistillate flower per

cupule, a trait that normally defines Lithocarpus

s.s. (Fig. 3). A combination of traits is often

needed and Notholithocarpus is no exception. In

addition to DNA sequences and pollen morphol-
ogy, other potentially diagnostic features to

distinguish Notholithocarpus from Lithocarpus s.

s. are foliar, namely the lack of an acuminate tip,

sclerophyllous leaves bearing multiradiate tri-

chomes (Jones 1986, see Type 10), unbranched
secondary veins that extend to the margin, and
the potential for serrate margins in Notholitho-

carpus, although some species of Lithocarpus s. s.

also bear slightly toothed margins. Our studies

also included a comprehensive examination of

literature-based reports on inflorescence structure,

morphology of staminate and pistillate flowers.



Fig. 2. Pollen of select castaneoid taxa. A & B. Notholithocarpus densijlorus {Stone 3034); C & D. Chysolepis

chrysophylla (I. Olmsted 259)\ E & F. Lithoearpiis dealhatus {Manos 1288); G & H. Castcmopsis iiidica {Memos and
Zhou 1426); Scales: A, C, E, and G = 5 ^im; B, D, F, and H = 2 [im.
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Notholithocarpus (#)

® EQuercus

'Castanea

Castanopsis

Lithocarpus

Chrysolepis

<Trigonobalanus
Formanodendron

Colombobalanus

Fagus

Fig. 3. Summary of the phylogeny of Fagaceae with a set of diagrams and images of representative cupule/fruit

types. Cupule valves are indicated with straight lines and valveless cupules with large circles. Fruits are drawn with

discs or triangles, and aborted flower position with small circles. For example, the unifloral cupule/fruit in

Notholithocarpus is shown with a disc in a large circle. Arrows indicate observed transformations within that clade

or within the inflorescence. Photographs are taken from the following species: Notholithocarpus densiflorus: Quercus

coccinea\ Castanea crenata; Castanopsis tribuloides (left) and Castanopsis fissa (right); Chysolepis chrysophylla:

Lithocarpusfenestratus (left) and Lithocarpus rotunclatus (right); Colombobalanus excelsa (left) and Fornumoclenclron

doichangensis (right); Fagus grcmdifolia.

wood anatomy, and cupule ornamentation among
castaneoids (Carlquist 1984; Kaul and Abbe 1984;

Kaul 1987; also see http://insidewood.lib.ncsu.edu/

search/), but no clear differences were detected in

these features.

The phylogenetic position of CA-FP casta-

neoids as highly divergent members of two
different major Fagaceae lineages reinforces the

concept that these paleoendemic taxa are rem-
nants of an ancient and formerly widespread
broadleaf evergreen flora, which persists today in

the Indochinese tropics. Additional evidence for

this is based on the appreciable level of fossil

diversity among likely thermophihc castaneoids

in North America (Crepet 1989; Crepet and
Daghlian 1980; Crepet and Nixon 1989a; Man-
chester 1994; Mindell et al. 2007). The macrofos-
sil record also indicates the minimum divergence
time between Chrysolepis and Lithocarpus s.s. to

be at least 40 mya based on fossils unambigu-
ously assigned to Lithocarpus s.s. (Kvacek and
Walther 1989). This scenario suggests that the

CA-FP castaneoids were established in the early

Tertiary, which agrees with other broadleaf

evergreen taxa known to have dispersed through
the North Hemisphere via Beringian and North
Atlantic Land Bridges (Tiffney and Manchester
2001).

Taxonomic Treatment

Tanbark oak is a well-known element of the

CA-FP and is a major focus of research into the

spread of sudden oak death (SOD; Rizzo et al.

2005). Our results clarify its phylogenetic position

in the Fagaceae and its affinities with temperate

oaks and tropical chestnuts. The fact that it is

more closely related to the victims of the

devastating chestnut blight, Castanea spp., than

to its mistaken congenerics, the stone oaks, should

provide insight into the evolutionary dynamics of

fungal infection and resistance. Here, we place

tanbark oak into a newly recognized genus,

Notholithocarpus, which reflects its false or

convergent similarity to Asian Lithocarpus s.s.

We make this new combination without subfa-

milial designation, as further work is required to

produce a valid nomenclature at that level.



188 MADRONO [Vol. 55

NothoUthocarpus Manos, Cannon & S. Oh, gen.

nov. TYPE: N. densiflorus (Hook. & Arn.)

Manos, Cannon & S. Oh.
A Lithocarpo foliis sclerophyllibus trichomatibus

multiradiatis et polline subprolato (sphaeroideo

)

differt.

Notholithocarpus densiflorus (Hook. & Arn.)

Manos, Cannon & S. Oh, comb. nov. Basionym:
Quercus densiflora Hook. & Arn., Bot. Voy.
Beechey, p. 391, 1840. TYPE: USA, California,

D. Douglas s. n. (holotype: K!, isotype: GH!)
For intraspecific taxonomy, we follow other

treatments (Tucker 1993; Nixon 1997).

Notholithocarpus densiflorus var. densiflorus

Notholithocarpus densiflorus var. echinoides (R.

Br. ter) Manos, Cannon & S. Oh, comb. nov.

Basionym: Quercus echinoides R. Br. ter, Ann.
Mag. Nat. Hist., 4. 7:251. 1871. TYPE: USA,
Oregon, Canon Creek, Siskiyou Mountains,
Brown 250 (Holotype K, isotype: K!).

The genus name Pasania, a local name for one
of the species in Java (Rehder 1916), also was
applied to tanbark oak by Orsted (1866). In order

to preserve its usage within the synonomy of

Lithocarpus, we designate a type for the genus
name Pasania by using one of the species

originally listed by both Miquel (1857: Quercus

subgenus Pasania) and Orsted (1866: Pasania
subgenus Eupasania).

Pasania (Miq.) Oerst., Vidensk. Meddel. Dansk
Naturhist. Foren. Kjobenhavn, 8:81, 1866. Ba-
sionym: Quercus subgenus Pasania Miq., Fl. Ned.
Ind. Vol. 1(1): 848. 1856. TYPE: Pasania sun-

daica (Blume) Oerst., {Quercus sundaica Blume)
(lectotype designated here).
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Castanea mollissima Blume; USA, New York,
Tompkins Co., Cornell University Plantations; Manos
1038 (BH); ITS-AY040396; C7?C EU 189752; tniKJ

matK-¥iU5050\ nd/iF-FJ 1^507 3; Connecticut, Con-
necticut Agricultural Research Station; Stanford Rl T15
(UNC-CH); atpB-rbcL-AY0A2A53.

Castanopsis argyrophylla King ex Hook.f.; China,

Yunnan, Menglian; Manos and Zhou 1402 (DUKE);
AY040376; EU189758; FJ185051; FJ185059; FJ185074.

Castanopsis carlesii (Hemsl.) Hayata; China, Yun-
nan, Jingu; Manos and Zhou 1382 (DUKE); AY040372;
EU189760; FJ185052; FJ185060; FJ185075.
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Castcmopsis fissa (Champ, ex Benth.) Rehder & E. H.

Wilson; China, Yunnan, Simao; Memos and Zhou 1396

(DUKE); AY040392; EU189763; FJ185053; FJ185061;

FJ 185076.

Chrysolepis chrysophylla (Douglas ex Hook.)
Hjelmq.; USA, Oregon, Benton Co., St. Mary's Peak;

Memos s.n. (DUKE); AF389087; EU189770; FJ185045;

FJ 185062; FJ 185077.

Colombohahmus excelsa (Lozano, Hdz-C. & Henao)
Nixon & Crepet; Colombia, Virolin; Nixon 4655 (BH);
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nan, Da Wei Shan; Manos and Zhou 1463 (DUKE);
AY040426; EU 189801; FJ 185055; FJ 185066; FJ 185083.
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Co., Orella St.; Manos 423 (BH); AF098434;
EU189843; FJ185049; FJ185070; FJ185086.

Quercus tonientella Engelm. USA, California.

Santa Barbara Co. Santa Cruz Island; Memos 983
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Trigemobalanus verticil/ata Forman; U.K., Scotland,

Edinburgh, Royal Botanical Gardens; RBG 1967-421;

AF098413; EU 189847; U92866+AY042455; FJ 185072;
FJ185088.



Madrono, Vol. 55, No. 3, pp. 191-201, 2008

CONIFER SEEDLING SURVIVAL UNDER CLOSED-CANOPY AND
MANZANITA PATCHES IN THE SIERRA NEVADA

Agneta H. Plamboeck
Center for Stable Isotope Biogeochemistry, Department of Integrative Biology,

University of California, Berkeley CA 94720

Malcolm North
Sierra Nevada Research Center, 1731 Research Park Dr, Davis, CA 95618

Todd E. Dawson'
Center for Stable Isotope Biogeochemistry, Department of Integrative Biology,

University of California, Berkeley CA 94720

Abstract

After a century of fire suppression, prescribed fire and mechanical thinning are widely used to

restore mixed-conifer forests in California's Sierra Nevada, yet after these treatments, trees sometimes

fail to regenerate on many sites, for several possible reasons. Notably, competition between shrubs

and tree seedlings for scarce water during prolonged summer dry seasons is suspected to influence

seedling survival, yet this hypothesis has been tested in few manipulated field experiments. We
investigated the effects of vegetation patch types, root competition, putative mycorrhizal connections,

soil moisture, and microclimate on the estabhshment of sugar pine {Pinus lamberticma) and white fir

{Abies concolor) seedlings in an old-growth, mixed-conifer forest in the southern Sierra Nevada.
Seedling survival rates were significantly higher under closed tree canopies than in patches dominated
by manzanita {Arctostaphylos patula) shrubs. Treatments that allowed seedlings to connect with

existing ectomycorrhizal networks did not enhance their survival. Isotope signatures suggest that

mature conifer trees rely on water from deep soil layers (>50 cm), while shrubs and tree saplings (1-

3 m in height) rely on water from shallower layers (0-50 cm) at the beginning of the season, but as

soils become drier the shrub's and the sapling's primary zone of uptake shifts downward in the soil

profile. These findings imply that shrubs may inhibit the survival of establishing tree seedlings until the

seedlings have a deep enough root system to extract soil moisture from soil below 50 cm. Our study

suggests that tree seedling survival may depend on a seedling's ability to compete with shrubs for

scarce soil moisture in the near-surface soil layers.

Key Words: Abies concolor, Arctostaphylos patula, mycorrhizae, Pinus lambertiana, root competition,

stable isotopes, water uptake depth.

Seedling establishment is a critical stage in the

life history of most plant species, and in forests can

have a significant influence on a stand's species

composition and development for centuries. In the

forests of the Cahfornian Sierra Nevada, managers
often have problems regenerating trees on sites

after they are treated for fuels reduction (McDo-
nald 1976; Helms and Tappeiner 1996). Currently

there is little information on the effects of

important site factors on tree regeneration in mixed
(shrub/tree) vegetation and under closed canopy
conditions (Tappeiner and McDonald 1996). A
century of fire suppression has significantly in-

creased fuel loads, increasing stem densities and
canopy cover in many western forests, reducing

understory light and soil moisture conditions for

establishing seedlings (Minnich et al. 1995; Gray et

al. 2005). Mixed-conifer, the dominant forest type

on the Sierran Nevada's western slopes, has been
characterized as having a mixture of closed canopy.

' Corresponding author, e-mail: tdawson@berkeley.edu

shrub and gap patch conditions, each with

significantly different microclimates (North et al.

2002; Gray et al. 2005). Sierran forests have a

prolonged summer drought, typical of a Mediter-

ranean climate (Parker 1994; Stephenson 1998),

and shrub competition for scarce soil water is

believed to influence seedling survival and growth

rates. For example, a study of tree demography in

the Sierran Nevada forest found that many Jeffrey

pines {Pinus jeffreyi; nomenclature follows Hick-

man 1993) and sugar pines {Pinus lambertiana),

which often become established on drier micro-

sites favored by shrubs, had become established in

wet El Nino years (North et al. 2005). However,
research suggests that shrubs may facilitate tree

seedHng establishment by ameliorating microcli-

mate extremes (Gomez-Aparicio et al. 2004) or by
providing an ectomycorrhizal network that estab-

lishing tree seedlings can tap into (Horton et al.

1999). Thus, further research into the influence of

shrubs on conifer regeneration and microclimate

conditions is needed to improve the management
of Sierran forests.
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One factor that strongly influences the estab-

lishment of tree seedlings in Sierran forests is likely

to be the availability of below-ground resources,

which may make a significant contribution to the

patch conditions and gaps that characterize

mixed-conifer forests. Royce and Barbour (2001)

found that shrubs generally depleted soil moisture

more rapidly and uhimately extracted a greater

proportion of the available soil water than

conifers. Shrubs, however, also provide shade,

thereby reducing surface temperatures and the

evaporative demand for establishing seedlings.

Recent research in drought-stressed chaparral also

suggests that conifer seedlings may benefit from
shrub mycorrhizae. Horton et al. (1999) studying

Pseudotsuga seedling survival in sites dominated
by Arctostaphylos spp. suggested that the ecto-

mycorrhizal fungi associated with Arctostaphylos

spp. contributed to the establishment of Pseudo-

tsuga menziesii seedlings. It has been postulated

that the sharing of ectomycorrhizal fungi between
conifers and Arbutus or Arctostaphylos spp. may
play a major role in plant community develop-

ment (Molina and Trappe 1982; Perry et al. 1989).

However, there have been no studies, to date, in

which the possible transfer of water has been

rigorously excluded from the mechanisms where-

by shrubs facilitate seedling establishment in dry

chaparral ecosystems, or in Sierran forests where
prolonged drought occurs during most of the

growing season.

In this study, we examined the microclimate,

water use, and conifer seedling survival rates in

manzanita shrub {Arctostaphylos patula) and
mature forest patches in Sierran mixed-conifer

forests. The objective was to determine whether
(and if so how) seedHng dynamics vary between
two dominant patch types; areas dominated by
shrubs with shallow roots, and closed canopy
forest with deep rooting systems. Our hypotheses

were (i) survival rates of tree seedlings would be

higher for seedlings where mycorrhizal connec-

tions were not blocked; (ii) shrubs and overstory

trees extract soil water from different depths (as

measured by '^O/'^O and -H/'H ratios of xylem
water) and (iii) seedling survival rates would be

higher in forest than in manzanita patches. To
elucidate mechanisms potentially influencing these

responses we also examined microclimatic (air

temperature and soil moisture) differences between
patch types, and the effects of an irrigation

treatment on seedling transpiration rates. Water
availability was also manipulated in the irrigation

study to examine tree seedlings survival.

Materials and Methods

Field Site

The study was conducted in Teakettle Exper-

imental Forest, 80 km east of Fresno, California,

in the north drainage catchment of the Kings
River (36°44'N, 117°30'W). The experimental

forest consists of 1300 ha of old-growth mixed-
conifer. Elevation ranges from 1980 m along the

eastern boundary to 2590 m at the top of
Patterson Mountain on the western boundary.
Annual precipitation averages 125 cm at 2100 m
and falls mostly as snow between November and
April. Mean, maximum, and minimum July

temperatures are 17"C, 30°C, and 3°C, respec-

tively (North et al. 2002). In Teakettle Forest

there is a gradation in the vegetation from a

mixture of white fir {Abies concolor), sugar pine

{Pinus kmibertiana), incense-cedar {Calocedrus

decurrens), Jeffrey pine {Pinus jeffreyi), and red

fir {Abies magnifica) at the lower elevations to red

fir, lodgepole pine {Pinus contorta), and western

white pine {Pinus monticola) at higher elevations.

Soils are Dystric and Lithic Xeropsamments of

loamy sand to sandy loam textures (Anonymous
1993), derived from granitic rock, with exposed
weathered and un-weathered rock common
throughout the study area.

Treatments

Three manzanita {Arctostaphylos patula)

patches and three closed-canopy patches
(Fig. 1) were selected subjectively in the autumn
of 2000 for a study of the survival of sugar pine

{Pinus lambertiana) and white fir {Abies concolor)

seedlings. Patches were selected which were large

enough (>70 m^) for the field experiment,

distinct (separated by gaps), and yet close enough
to be on the same mapped soil type. Manzanita
and closed-canopy patches were separated by at

least 80 m to ensure that there were no below-

ground connections between patch types. White
fir seedlings were transplanted from the sur-

rounding area in October 2000 into three

different types of cyhnders (Fig. 1), which were

inserted into the ground in both the manzanita
and closed-canopy patches. The above-ground
height of the transplanted white fir seedlings

averaged —10 cm and root length averaged
— 15 cm, a size associated with 1-4 yr old

seedlings. There were not enough sugar pine

seedlings at Teakettle to transplant, so five seeds

were sown within each cylinder at the end of

October 2000 and covered with a steel mesh to

exclude predation of the seeds. In the spring of

2001, 90 cylinders each contained three estab-

lished white fir seedlings, while another 90

cylinders contained three to five sugar pine

seedlings which had geiTninated from the sown
seed. Each cylinder was 35 cm long, 15.5 cm in

diameter, and 65% of its area was open to the

surrounding soil (control treatment), covered

with a 50 \xm mesh, or covered with a 5 \im

mesh (Fig. 1). The 50 |Lim mesh was sized to

prevent root penetration but provide openings



Fig. 1. Map of California showing the location of the Teakettle Experimental Forest, the manzanita and closed-

canopy patches, and the design of the three different cylinder treatments; control, 50 \im pore-size mesh, and 5 ^im

pore-size mesh.
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large enough to allow mycorrhizae to establish

across it. The 5 |j.m mesh was designed to prevent

penetration of both roots and mycorrhizae. In

total, 1 80 cylinders (2 plant species X 3 enclosure

treatments X 5 replicates X 6 sites) were installed.

The seedlings were allowed to estabhsh until 2002
in order to allow adequate time for external

hyphal colonization in the chambers open to the

surrounding soil (control treatment) and the

chambers covered with a 50 \xm mesh (root

exclosure treatment). We stress that the cylinder

treatments allow hyphal connections to occur,

but we did not sample roots to determine whether
actual connections were established.

We applied an irrigation treatment to assess

how seedlings in closed-canopy and shrub
patches assimilate water. August was chosen
because it is the driest, warmest month with dry

upper soil layers that will affect the transpiration

of the seedlings. During August 2002, nine

cylinders from each treatment (36 cylinders in

total) were selected at random and irrigated twice

a week for three weeks. Eighteen cylinders

received 250 ml dl of water at each irrigation,

and 18 cylinders received 500 ml at each irriga-

tion. Transpiration rates in seedlings were mea-
sured to assess relative water-use efficiency in the

different patch and root exclosure treatments.

Field Sampling

To infer the depth at which plants were taking

up water, 6-H and 6'^0 of water extracted from
mature conifers, conifer saplings (1-3 m in

height) and manzanitas was compared to 6-H
and 6'^0 of water extracted from soil taken at

different depths. From May to September 2001

soil samples were collected from every 10 cm
layer down to —70 cm depth and water was
extracted from each sample and analyzed. One
soil pit from each of the manzanita and the

closed-canopy patches was sampled on May 19,

June 26, August 9, September 5, and September
29. At the same time, wood cores were extracted

from mature conifers, conifer saplings and
manzanita shrubs for xylem water extractions.

More than 10 plant samples were collected in the

vicinity of each soil pit on every sampling
occasion. The soil and wood samples were kept

in airtight plastic bottles that were stored in

plastic bags and refrigerated (~5'C) until cryo-

genic distillation (Ehleringer et al. 2000).

The temperature, relative humidity, and abso-

lute humidity were recorded with eight HOBO
data loggers (Onset Computer Corporation,

MA), calculating averages over 30 min during

2001 and 2002 in the manzanita and closed-

canopy patches at 20 cm and 150 cm above the

ground. In 2002, the relative humidity and
absolute humidity were used to calculate the

vapor pressure deficit (VPD) using the formula:

^.x.^ fab.humidity\VPD - (—-^ —^ - ab.humidity. (1
\rel.humidityJ

Volumetric soil water content was estimated

using time-domain reflectometers (TDR, model
No. 1502C, Tektronix Inc., Beaverton, OR) in

two soil pits; one in a manzanita shrub area and
one in closed-canopy forest. Only two soil pits

were excavated because while soil depth differs

between the two patch types, within each patch
the soils are fairly homogenous (Erickson et al.

2005). The computed volumetric water content

was based on the "low-C" calibration described

in Gray and Spies (1995). This method averages

water content over the length of steel probes left

in the soil. The stainless probes were 30 cm long

and installed horizontally at depths of 5 cm,
10 cm, 20 cm, 30 cm, 40 cm, 50 cm and 60 cm,
while at 70 cm the probes were installed vertically

(giving an average for the 70-100 cm profile).

Depth to bedrock for each study area was
measured by Gasch & Associates (G&A, Sacra-

mento, CA), using a seismic refraction (SR)
method, which measures the velocity at which a

seismic wave is propagated through a soil or rock

medium. Higher seismic primary-wave velocities

indicate material of higher density, typically

indicating the strength or composition of the

material, and wave velocity is used as an index of

depth to bedrock.

The seedUng survival was checked during four

occasions, starting mid-June, during 2002. The
seedHngs were considered dead if all needles were

brown.
To determine how irrigated seedlings in closed-

canopy and shrub patches assimilated irrigation

water, leaf conductance rates (mmol m"- s~0 of

36 seedHngs representing each of the irrigation

treatments were measured at the beginning of

September using a LI- 1600 null-balance steady

state porometer (LI-COR, Inc., Lincoln, NE).
Eighteen non-irrigated seedlings were also mea-
sured to allow for comparison between irrigated

and non-irrigated seedHngs. Porometer measure-

ments were taken from 9:00 to 12:00 a.m.

Preparation and Analysis

Soil and wood cores were stored for one to

four weeks before soil and xylem water was
extracted from the soil and seedling samples,

respectively, by cryogenic distillation. The ex-

tracted water was used for isotope analyses. The
-H/'H ratios of the water from the different soil

depths were determined using an isotope mass
spectrometer (IRMS; a Finnigan-MAT Delta

Plus XL, coupled to a H/Device at the UC Berke-

ley Center for Stable Isotope Biogeochemistry).

Results are expressed in standard notation (5-H)

in parts per thousand (%o) relative to V-SMOW,
where 6-H = [(Rsampie/Rv-sMow) - 1] X 1000%o
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and R is the molar ratio of heavy to light isotopes

(D/H) with a sample precision of ±l%o.

The '*^0/'^0 ratios of xylem sap and soil water

were determined using the same IRMS, but

coupled to a Gas Bench II; a universal on-line

interface which allowed automated isotope ratio

determinations of small gas samples after 50 to

200 jul of water had equilibrated with CO2 after a

set time (following Dugan et al. 1985). Results

were expressed in standard notation (5'^0) in

parts per thousand (%o) relative to V-SMOW,
with a sample precision of ±0.05%o.

The proportions of deep water and surface

water used by the shrubs and the conifers were

calculated using the following equations:

Vsurface + Vdeep = VpUmt (2)

where VpUmt is the total water taken up by the

plant, Vsurface IS the fraction of water from upper

soil layers (0-50 cm) and Vdeep is the fraction of

water from deeper soil layers (>50 cm).

^surface "^surface + ^deep^deep = C"pi,j,-u Vpiant (3)

^surface "^surface + ^deep^^deep = Cpi,„^j Vpiam (4)

where C^' and C^- are the concentrations of the

6-H and 6'^0 tracers, respectively, and the

subscripts surface, deep and plant refer to water

from the upper soil layers, deeper soil layers and
xylem sap of the plant, respectively. With one
hydrological tracer for the source of xylem sap

water, two mass balance equations can be written

(Eqs. 2, 3), making it possible to determine the

proportion of uptake from two sources. This

study had two hydrological tracers, which could

allow uptake from three sources to be deter-

mined, but because of the covariance between '*^0

and -H due to kinetic effects (Dansgaard 1964) it

was only possible to determine the proportion of

uptake from two sources. For this reason, we
divided the soil profile into just two layers, 0

50 cm and >50 cm deep.

Analysis of variance was used to compare
differences between closed-canopy and manzani-
ta shrub areas and between treatments using the

GLM ANOVA procedure of the SPSS statistical

package (version 10, 1999, SPSS Inc., Chicago,
IL), and differences were assumed to be statisti-

cally significant if P < 0.1.

Results

Diurnal temperature differences during the

growing season (June-August) were larger in

the shrub-dominated areas than in the closed-

canopy patches (Fdn = 8110, P < 0.001; Fig. 2)

and greater near the ground, at a 20 cm height,

than 150 cm above the ground (Fdn = 1625.4, P
< 0.001; Fig. 2). The soil profile was significantly

drier in the shrub than in the closed-canopy

patches during the 2001 growing season (Fdfi =
6.728, P = 0.016). The increase in soil moisture at

the end of 2001 was caused by an unusual rain

storm in the early fall. During the 2002 growing
season there was no significant difference in soil

moisture between shrub and closed-canopy
patches (Fdn = 2.502, P = 0.145; Fig. 3). For
all sites, the soil profile was drier during the 2001

growing season than in 2002 (Fdo = 88.4, P <
0.001). The seismic data indicate that the active

soil profile is deeper in the closed-canopy areas

(2.8 ± 0.5 m) than in manzanita areas (1.6 ±
0.28 m), but the depth to the solid bedrock was
—3.3 m in both the closed-canopy and shrub

areas.

In the beginning of the growing season, the soil

profile had 5'^0 and 6-H values of — 13%o and
95%o, respectively, because of the water from the

snow melt. As the upper layers in the soil profile

gets drier and the 6'^0 values in the soil become
less negative, the 6-H values increase. Dwell
water had 6'^0 and 6-H values of - 13 and 93%o,

respectively, during the whole growing season.

Plant isotope values differed between shrubs,

trees, and saplings. The overstory sugar pines and
white firs had consistent 6'^0 values over the

whole growing season. Throughout the June-
September sampling period, they extracted water

with 6'^0 values of —12 to — 13%o similar to soil

profiles >70 cm. Both shrub and conifer sapling

water composition changed during the sample
period. The shrubs having 6"^0 of — 12%o in early

growing season (May-July P') after which the
6'^0 values became less negative in September.

Unfortunately, we discovered that the 50 \im

mesh did not prevent fine manzanita roots

growing through the mesh as we had intended,

though it did exclude tree roots from cylinders in

the closed canopy-patch. Due to this compromise
in our design, our seedlings in the manzanita
patches had only two treatments; mycorrhizae

exclosure and no exclosure. The closed-canopy

patches, however, still had three treatments.

Transpiration from seedlings in all three cylinder

treatments under the closed-canopy increased

with irrigation volume (Fdfg = 2.869, P =
0.035; Fig. 4). In closed-canopy conditions, there

was also a significant difference between species,

with sugar pine seedlings having greater transpi-

ration rates (1.66 mmol m"- s"') than white fir

seedlings (1.4 mmol m - s '; Fdn = 3.925, P =
0.065). The seedlings in the 50 \im pore-size mesh
and 5 jiim pore-size meshes that were not irrigated

had similar transpiration rates in both the

manzanita and closed-canopy patches, while the

transpiration rates from the seedlings in the

control treatment were greater in the closed-

canopy than in the manzanita patches (Fdn ^
6.36, P = 0.086; Fig. 4). The vapor pressure

deficit (VPD) was greater in the manzanita areas
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Fig. 2. Mean daytime (solid line) and night time (dotted gray line) temperatures from two different heights above
the ground, 150 cm (a, c) and 20 cm (b, d). Figures a and b show temperatures from the manzanita patches, while c

and d show temperatures from the closed-canopy patches.

than in the closed-canopy areas during the

growing season (F^fi = 7.823, P = 0.031;

Table 1), but it did not differ between the areas

in June to August.

Survival rates of both sugar pine and white fir

seedlings at the end of 2002 were greater in the

closed-canopy than in the manzanita patches

(Fdti = 9.359, P - 0.03). In the closed-canopy

patches, the survival rates for both species did not

differ between the different mesh treatments.

However, in the manzanita patches, both white

fir and sugar pine seedlings in the 5 |Lim pore-size

mesh treatment had greater survival rates than

seedlings in cylinders which did not exclude

manzanita roots (Fdn = 9.365, P = 0.092; Fig. 5).

Discussion

Our study suggests that tree seedlings may be

water stressed in shrub patches until they develop

a root structure that can access relatively deep
soil water. We found no evidence suggesting that

seedlings that could establish mycorrhizal con-

nections were any less water stressed than
seedlings growing in soil where tree roots were

excluded. Low survival rates of tree seedlings and
the strong positive response in transpiration rates

when irrigation was provided suggest that dry

summers and shrub competition for water

resources may be strong influences on seedling

survivorship. To facilitate seedHng estabhshment

and survival, managers may need to make greater

use of prescribed fire because it is more effective

at reducing moisture competing shrubs than

thinning in mixed-conifer forests (Wayman and
North 2007).

The seismic information on the active soil

profile suggests that in our study area closed-

canopy forest was on deeper soils with a higher

water holding capacity than in the manzanita

areas (Meyer et al. 2007). Because of the dry

summers associated with the Mediterranean
climate of the study site, during the growing

season, plants depend on available water that has

accumulated in the soil from snow melt in May.
However, in a study based in an area with similar

soils in southern California, Hubbert et al. (2001)

found that calculations of plant-available water

may need to include the weathered bedrock

profile, from which roots of Jeffrey pine extracted

a significant portion of late summer moisture. At
Teakettle Forest, the depth to the solid bedrock

in both the closed-canopy and shrub areas was
—3.3 m. We do not know, however, whether

overstory white fir and sugar pine were extracting

water from this weathered bedrock layer.

Isotope signatures suggest that overstory trees

rely on deep water during the whole growing
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Fig. 3. Volumetric water contents {%) in a manzanita and a closed-canopy patch at eight different soil depths
during the 2001 and 2002 vegetation seasons.

season, while shrubs rely on water from shallower

horizons at the beginning of the growing season

and as the soils become drier the primary zone of

water uptake shifts to deeper horizons (Fig. 6).

Tree saplings show a similar shift in their primary
zone of water uptake to the shrubs; utilizing

shallow horizons early in the season, then deeper

layers as the soil becomes drier. This utilization

pattern would put shrubs and tree saplings in

direct competition for water early in the growing
season (May and June). Furthermore, tree

seedlings, which are known to be shallow-rooted,

with roots down to —20-30 cm, would be
competing with shrubs and tree saplings for

water during the whole growing season. Rose et

al. (2003) found similar differences in patterns of

water between Jeffrey pine and manzanita
shrubs. Their results suggest that 25-30 yr old

Fig. 4. Transpiration in September 2002 from seedlings in the cylinder treatments in manzanita and closed-
canopy areas that had been exposed to different irrigation treatments for three weeks. Bars show ±1 SE (n = 3).



198 MADRONO [Vol. 55

Table 1 . Monthly Mean Values for the Vapour
Pressure Deficit in the Manzanita and the
Closed-canopy Areas during the Vegetation
Season of 2002.

Manzanita Forest

Vapour pressure Vapour pressure
Month deficit (mbar) ± std deficit (mbar) ± std

May 6.8 1.0 5.7 1.7

June 11.3 1.6 11.3 -H 2.9

July 16.7 -+-
1.9 16.6 -1- 3.2

August 14.9 0.7 14.8 -1- 2.7

September 15.8 -h 0.9 13.2 + 1.1

October 9.9 -+- 0.9 7.1 -+- 0.1

Jeffrey pine use more bedrock water and have a

functional rooting depth that is slightly deeper

than the manzanita, which rely on shallow soil

water. Anderson and Helms (1994) showed that

manzanita shrubs were able to extract more water

from moisture-depleted soil profiles than pines,

perhaps by achieving greater reductions in total

water potentials. Osmotic adjustments and the

consequent ability to use soil water held at

relatively low water potentials are traits common
to both Jeffrey pine and manzanita (Anderson
and Helms 1994). Similar studies have not been

conducted with white fir, although it is generally

considered to be much less drought tolerant than
Jeffrey pine (Minore 1979; Royce and Barbour
2001). UnHke pine, however, manzanita also has
low cell elasticity (Anderson and Helms 1994).

Consequently, small reductions in relative water
content lead to relatively large reductions in

turgor pressure in manzanita shrubs, allowing

them to use water held at lower water potential

than pine trees.

Several investigators have reported that asso-

ciated mycorrhizae increases drought tolerance

and recovery from water stress in various woody
species (Parke et al. 1983; Boyle and Hellenbrand
1991; Smith and Read 1997). Fungal hyphae and
rhizomorphs extend the root system, entering soil

pores too small to be penetrated by roots, and
often have longer lifespans than fine roots (Parke

et al. 1983). Several laboratory-based labeling

experiments have also found indications that

carbon is transported between plants connected
via ectomycorrhizal and vesicular arbuscular

networks (Read et al. 1985; Finlay and Read
1986; Watkins et al. 1996; Simard et al. 1997;

Fitter et al. 1998). Furthermore, Querejeta et al.

(2003) found that water may be transferred from
oaks to their mycorrhizal symbionts during

severe soil drying. In a laboratory-based experi-

Manzanita areas Closed-canopy areas

^—t
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\

Sugar pine seedlings

White fir seedlings

Date
Fig. 5. Percentage survival of seedlings in the different treatments in manzanita areas and closed-canopy areas

during 2002. Triangles represent the control treatment, filled squares the 50 (xm pore-size mesh treatment and open
squares the 5 |Lim pore-size mesh treatment. Bars show ± 1 SE (n = 27^5).
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ment, using tripartite mesocosms containing

manzanita and young seedlings of sugar pine

and Douglas-fir {Pseudotsuga menziesii), Plam-
boeck et al. (2007) showed that water can be
transported via mycorrhizal hyphae to conifer

seedlings. If the transport of resources from
shrubs or mature trees to seedlings was important
for the survival of the seedlings in our system, the

seedling survival rates in the control and the

50 |Lim pore-size mesh treatment would have been
higher than in the 5 |^m pore-size mesh treatment.

However, seedling survival rates in the 5 |im

pore-size mesh treatment were not significantly

less than survival rates in the two treatments that

allowed associations with an established mycelial

network (Fig. 5). Survival rates were actually

greater for tree seedlings planted in the manzanita
patches when they were enclosed in the 5 \xm

pore-size mesh, possibly because this treatment
successfully excluded manzanita roots.

Our results show that conifer seedling survival

rates were greater in the closed tree canopy than
in patches dominated by manzanita shrubs.

Isotope signatures suggest that in closed-canopy
patches there may be soil-water partitioning

between mature canopy trees (deep) and estab-

lishing seedlings (shallow) that reduces competi-
tion for critical water resources. In manzanita
patches, however, we found that water competi-
tion between tree seedlings and shrubs negatively

affected seedling establishment. Treatments that

allowed the establishing seedlings to tap into an
already existing ectomycorrhizal network did not
enhance their survival. Shrubs may help modify
microclimate conditions compared to open gaps,

but diurnal temperature fluctuations were still

much greater than in closed-canopy forest. When
roots were not excluded (the control treatment),

seedling transpiration was very low and survival

rates were significantly lower in manzanita
patches than in closed-canopy forest. These
results suggest that shrubs may inhibit the

survival of tree seedlings until they establish

roots deep enough to extract moisture from soil

profiles below the depths at which the shrubs

root.

With fire suppression, shrub cover has signif-

icantly increased in some mixed-conifer forests

(Parson and DeBenedetti 1979; Minnich et al.

1995). Our study suggests that forest managers
may need to reduce shrub cover with treatments

such as prescribed fire to enhance survival of
conifer seedlings and facilitate restoration of the

historic forest composition.
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Abstract

The alpine zone of the White Mountains of California, defined as non-forested areas above 3500 m,
includes 163 native species of vascular plants in an area of 106 km-. No invasive species have become
well established. Nearly two-thirds of the native species occur in just seven families, led by the

Asteraceae with 30 species. Six genera have five or more species, led by Carex with 14 species. Life

forms of the flora are heavily dominated by broad-leaved herbaceous perennials (53%), followed in

importance by graminoid perennials (22%) and mats and cushions (11%). Woody shrubs,

chamaephytes (low subshrubs), and annuals are relatively few in number, and those species present

are generally more characteristic of lower elevation communities. Fellfields form the characteristic

habitat for 41% of the flora, while moist meadows and open slopes habitats characterize 24 and 22%
of the flora, respectively. Only 3 1% of the flora is restricted in the White Mountains to the alpine zone,

while nearly a third of the alpine flora has a range extending to lower elevations of the montane or

cold desert zones below 2900 m. The alpine flora of the White Mountains shares over 70% of its

species with the Sierra Nevada. Only three species are endemic to the alpine zone of the White
Mountains: Draba ca/ifornica, D. monoensis, and Potentilla morefieldii.

Key Words: alpine biogeography, alpine flora, plant life forms. White Mountains.

Generalizations about the patterns of biodi-

versity and life forms in alpine floras have largely

come from research conducted in relatively mesic

alpine habitats with summer rainfall regimes, as

for example in the Alps of central Europe and the

Rocky Mountains of the western United States

(see reviews by Tranquillini 1979; Chapin and
Korner 1995; Korner 1999; Bowman and Seast-

edt 2001). Unhke the majority of alpine regions in

the Northern Hemisphere that share elements of

a circumboreal arctic-alpine flora, the high

mountain ranges in CaUfornia have developed a

unique alpine flora under the influence of

mediterranean-climate conditions with relatively

dry summers added to other alpine environmen-
tal stresses. Although broad ecological studies

have been carried out in the alpine elevations of

the Sierra Nevada and White Mountains of

Cahfornia (Chabot and Bilhngs 1972; Major
and Taylor 1977; Morefield 1992), there is still

a relatively poor knowledge of patterns of

floristic diversity and life form distribution of

the alpine flora for these ranges.

The White Mountains of California and
adjacent Nevada (Fig. 1) present a particularly

interesting area for study. This mountain range is

positioned at the interface between two major
geomorphic provinces, the Sierra-Cascade Prov-

ince and the arid Basin and Range Province, yet

is isolated from direct contact with high eleva-

tions of either sets of ranges. Moreover, warmer
and more xeric climatic conditions during the

Altithermal period of the early Holocene allowed

an upward movement of subalpine conifers,

restricting the area available for growth of alpine

communities (Jennings and Elliot-Fisk 1991,

1993). Thus, the White Mountains present an
example where both climate history and geo-

graphic isolation have played significant roles in

the evolution of the alpine flora.

Lying in the rain shadow of the Sierra Nevada,
the White Mountains receive only about one-third

of the precipitation reaching similar elevations on
the west slope of the Sierra Nevada. These arid

conditions, combined with the extremes of low

temperature, wind, low atmospheric pressure and
high ultraviolet radiation load that characterize

most temperate alpine conditions, produce unusu-

;

ally severe conditions of environmental stress for

plant growth. Adding to the habitat conditions oft

the range are high levels of both topographic

diversity and geologic complexity, with the latter

including granites, dolomites, shales, limestones,

and metavolcanics (Nelson et al. 1991; Ernst et al.

'

2003) that have strong influences on florisitic

composition (Lloyd and Mitchell 1973; Marchand
1973; Rundel et al. 2005).

The White Mountains extend approximate-

ly 60 km from their northern end in Nevada
across into California and Westgard Pass in the
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kilometers

Fig. 1. Regional view of the White Mountains of eastern California and adjacent Nevada. The stippled area is

that portion of the range above 3500 m elev.

south, or three times this length if the contigu-

ous Inyo Range south of this pass is added
(Fig. 1). The range is very narrow, however, with
a width averaging only 20-25 km. As a result,

the range rises sharply from elevations of
1250 m in the Owens Valley to a high point of
4343 m at White Mountain Peak over a lateral

distance of less than 10 km. This peak is tied with
Mount Shasta as the third highest summit in

California.

There has been a long history of floristic and
ecological studies in high elevations of the White
Mountains where alpine habitats are present. The

floristic diversity and relationships of the full

flora of the White Mountains has been described

in considerable detail (Lloyd and Mitchell 1973;

Morefield et al. 1988; Morefield 1992). AUhough
there have been ecological studies of plant-soil

relationships in the alpine regions of the range

(Mooney et al. 1962; Mitchell et al. 1966;

Marchand 1973; Ernst et al. 2003), no floristic

research has focused on the alpine region above
3500 m or analyzed its characteristics specifically.

In this paper we present a broad overview of the

alpine flora of the White Mountains by providing

a detailed analysis of the floristic richness.
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ecological diversity, and biogeographic relation-

ships of the alpine flora present within this zone.

Materials and Methods

Floristic Richness and Life Forms

The alpine flora of the White Mountains in this

study was considered to include all species with a

known occurrence above 3500 m, an elevation

limit roughly corresponding to upper treeline,

although Pinus longaeva reaches elevations of up
to about 3700 m in scattered locations. While
there are certainly alpine-hke communities and
species assemblages below this elevational limit,

an occurrence above the upper limit for growth of

P. longaeva and P. flexilis indicates a definitive

alpine habitat. Our listing of the alpine species to

be considered was based on a careful examination
of published material (Lloyd and Mitchell 1973;

Morefield et al. 1988; Morefield 1992; Hickman
1993), herbarium records (Cal Flora, White
Mountain Research Station), and our own field

observations carried out on numerous visits each

summer from 1999 2006 . Scientific names used

here follow those of Hickman (1993), with the

exception of Poa pattersonii which has been

divided into Poa abbreviata subsp. pattersonii

and subsp. marshii (Soreng 1991).

Adapting the broad classification scheme set out

by Morefield (1988, 1992) for the entire flora of the

White Mountains, we developed a system to

categorize the alpine species by life form, ecological

habitat, elevational zone, and biogeographic distri-

bution. Each alpine species was placed into one of

six life forms in a modified Raunkiaer (1934)

classification: phanerophytes (shrubs reaching

50 cm or more in height), chamaephytes (subshrubs

lower in stature), mat or cushion plants (<10 cm in

height and prostrate in growth, perennial grami-

noids (i.e., Poaceae, Cyperaceae, and Juncaceae),

broad-leaved herbaceous perennials (tussocks, ro-

sette perennials, biennials, and geophytes), and
annuals (therophytes). With very few exceptions,

plant species in the alpine zone have very narrow
leaves or leaflets with blades <10 mm wide, and
would be classified as leptophylls with leaf surface

areas <25 mm- (Raunkiaer 1934).

Designations of ecological habitats were adapt-

ed from characterizations of Morefield (1988,

1992) and our experience to provide seven

categories. Along a rough gradient of mesic to

xeric these ecological habitats are aquatic sites,

wet sites (areas with saturated soils and riparian

habitats), moist sites (e.g., wet meadows and
areas with snow melt accumulation), fellfields

with seasonal moisture availability, talus slopes,

open slopes, and dry rocky slopes. Where a

species occurred broadly across more than one of
these habitat categories, it was placed in what we
considered its most typical habitat.

The classification of species by characteristic

elevational zone was designed to separate obligate

alpine species from those extending above 3500 m
but also occurring at lower elevations. These five

categories listed as the elevational belts of lowest

occurrence in the White Mountains are cold

desert (1220-1980 m), montane (1980-2900 m),

subalpine (2900-3500 m), alpine (3500-4000 m),

and high alpine elevations (4000^332 m). The
montane zone roughly corresponds to the pinyon-
juniper zone and the subalpine belt to the upper
pine zone of vegetation.

The biogeographic range of each alpine species

was classified into one of five categories. These
were: widespread species present in many habitats

or regions throughout the world or across North
America, cordilleran species widespread in moun-
tain regions of the western United States, Sierra/

Cascade species, intermountain species wide-

spread across the Great Basin, and species

endemic to the White Mountains.

Climate Regimes

Climatic data to characterize the alpine envi-

ronment of the White Mountains was taken from
long-term records collected at the Barcroft

Station at 3801 m elev. (37°35'N lat., 18°15'W
long.) for the period 1953-1973 (Pace et al. 1974;

Powell and Klieforth 1991). The mean monthly
maximum temperatures at Barcroft vary from a

high of 11.9°C in July to a low of -5.3°C in

February (Fig. 2). Record maximum tempera-

tures of 22°C have been reached in July and
August. Mean monthly maximum temperatures

remain below freezing for six months of the year,

from November through April. Mean minimum
temperatures range from a high of 2.4°C in July

to a low of — 14.0°C in March. Mean minimum
temperatures drop below freezing for every

month of the year except July and August.

Mean annual precipitation at Barcroft Station is

478 mm (Fig. 2). There are elements of a mediter-

ranean-type pattern of winter precipitation but

with a strong influence of summer convective

storms from the east that bring scattered precip-

itation events throughout the growing season.

Mean monthly precipitation ranges from a high

of 56 mm in December to a low of 18 mm in

September, but year-to-year variation is high. The
extremes in annual precipitation over the record

period have ranged from 242 to 852 mm. With the

exception of the summer months of July through

September, all of this precipitation falls as snow.

Results

Native Flora

Defining the alpine zone as non-forested areas

occurring at or above 3500 m, the alpine flora of
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Fig. 2. Mean monthly climatic conditions at the Barcroft Station at 3801 m in the White Mountains, 1953-1973.

Data from Pace et al. (1974).

the White Mountains includes 163 native species

occurring in an area of 106 km^. Rather than

representing the proportional family relationships

of the Cahfornia flora overall, the alpine flora has

just seven families that account for nearly two-

thirds of its total species. Leading this group is

the Asteraceae with 30 species, followed in order

by the Brassicaceae (18 species), Poaceae (17

species), Cyperaceae (15 species), Rosaceae (9

species), Caryophyllaceae (9 species), and Poly-

gonaceae (7 species). Genera with large numbers
of alpine species in this flora include Carex
(Cyperaceae, 14 species), Arabis (Brassicaceae, 7

species), Draba (Brassicaceae, 7 species), Poa
(Poaceae, 6 species), Potentilla (Rosaceae, 5

species), and Eriogonum (Polygonaceae, 5 spe-

cies). Several species just miss our lower eleva-

tional limit of 3500 m, and thus are not included

in our figures here, although they occur in alpine

fellfield and open slope habitats. These include

Antennaria dimorpha (Asteraceae), Tonestus peir-

sonii (Asteraceae), and Eriogonum urnbeIlaturn

var. covillei (Polygonaceae).

The life form distribution of the native alpine

flora of the White Mountains is strongly domi-
nated by herbaceous perennials, as is typical of
temperate alpine habitats elsewhere. Within
herbaceous perennials, the assemblage of peren-

nial graminoids (most notably grasses and sedges)

form 22% of the total flora, mats and cushions
form 11%, and other herbaceous perennials such
as broad-leaved tussocks, rosettes, and biennials

form 53% (Fig. 3). Combined, herbaceous peren-
nials thus comprise 86% of the flora.

There are 18 native species of mats and
cushions, all low in stature and mostly relatively

small in size, that make up a heterogeneous group

that shares the characteristic of a prostrate

growth form with either a central taproot or

multiple points of rooting through layering.

These form an ecologically significant component
of plant cover on fellfield slopes and the margins

of drainage swales. A different group of species is

present, however, dominates on granitic versus

dolomitic substrates. Common mats and cush-

ions on the widespread granitic substrates include

Draba oligosperma (Brassicaceae), Trifolium an-

dersonii var. beatleyae (Fabaceae), Eriogonum
ovalifolium var. nivale (Polygonaceae), and Pen-

stemon heterodoxus var. heterodoxus (Scrophular-

iaceae). On dolomitic substrates, there is a shift in

dominance to species such as Erigeron pygmaeus
and Stenotus acaulis (Asteraceae), Astragalus

kentrophyta and Oxytropis parry i (Fabaceae),

Linum lewisii (Linaceae), Eriogonum gracilipes

(Polygonaceae), and Castilleja nana (Scrophular-

iaceae). These dolomite species , however, may
occur on other soil parent materials over their

ranges.

Shrubs (phanerophytes) and subshrubs (cham-

aephytes) are few in the alpine flora of the White
Mountains. Just three shrub species reaching

heights of 50 cm have a range that extends above
3500 m: Ribes cereum (Grossulariaceae), Poten-

tilla fruticosa (Rosaceae), and Salix orestera

(Salicaceae). All of these shrub species are more
typical of lower elevations. Only Ribes cereum is

common in the alpine zone, and its distribution is

highly correlated with large granite outcrops

where thermal and hydrologic characteristics

may be significant in providing favorable micro-

sites for this species.

Seven species of low woody subshrubs are

present, representing just two families. These are
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Fig. 3. Life form distribution of the native vascular plant species in the alpine zone above 3500 m in the White
Mountains.

Artemisia rothrockii, Chrysothamnus viscidiflorus

subsp. viscidiflorus, Ericameria discoidea, and E.

suffruticosa (Asteraceae), and Leptodactylon pun-

gens, Linanthus nuttallii subsp. pubescens, and
Phlox pulvinata (Polemoniaceae). These three

Polemoniaceae are quite low in stature in their

alpine habitats and approach becoming mats in

life form. The highest elevation reached by any of

these woody species occurred with Chrysotham-
nus viscidiflorus, which extends to near 4000 m at

the top of Barcroft Peak.

Thirteen annual species are present, making up
8% of the flora. The majority of the annual
species that extend their range into the alpine

zone are more typical of open habitats at lower

montane or subalpine elevations. Most of the

annuals are relatively uncommon.
The greatest numbers of alpine species in the

White Mountain occur in habitats intermediate

along a moisture gradient between wet sites with

saturated soils and dry slopes (Fig. 4). Drainage
courses and associated fellfield habitats with

seasonal moisture availability are the typical

habitat for 67 species (41% of the flora). Open
slopes that become relatively dry in summer are

second in significance as the characteristic habitat

for 34 species (21% of the flora). Moist meadows
are home to 39 species (24% of the flora), mostly

graminoids. Only a small number of species

typically occur on wet sites with saturated soils

(11 species), aquatic habitats (1 species), or dry

slopes (4 species).

Plant life forms showed mixed patterns of

correlation with alpine habitats across a moisture

gradient. The number of species represented in

many categories, however, is too small for

relevant statistical tests of association. Broad-
leaved herbaceous perennials, the most common
life form, have virtually the same proportional

distribution among habitats as does the entire

flora (Table 1). Perennial graminoids, likewise,

generally match the overall pattern but with an
over-representation of species in moist and wet
habitats and an under-representation in drier

open habitats. Among the less common life forms
there is a much stronger association with specific

habitats. Annual plant species are strongly

associated with fellfield habitats (77% of species).

Cushion plants and mats are over represented in

open spaces and rocky habitats, rare in moist

habitats, and absent from wet habitats. Both
chamaephytes and shrubs favor open slopes and
moist sites.

Separating species into categories of eleva-

tional ranges over which they occur demonstrates

that 51 species (31% of the flora) are alpine

specialists in the White Mountains that are

largely restricted to sites above 3500 m (Fig. 5).

However, a few of these alpine-restricted species

in the White Mountains, as for example the

aquatic Callitriche verna and the wet site Juncus

hryoides, occur at lower elevations in wetter

mountain ranges. Among the alpine species are

seven high-elevation alpine specialists that occur

only above 3960 m (Morefield et al. 1988). These

species are Erigeron vagus (Asteraceae) Anelsonia

eurycarpa (Brassicaceae), Cerastium beeringianum

(Caryophyllaceae), Polemonium chartaceum (Po-

lemoniaceae), and three grasses; Elymus scribneri,

Poa lettermanii, and P. suksdorfii. i
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Another large group of 59 species (36% of the

flora) has a range extending into the alpine zone
from subalpine forests and shrublands at eleva-

tions above 2900 m. Forty-two species (26% of

the flora) present in the alpine zone of the White
Mountains can also be found in montane habitats

as low as 1980 m. Finally, there are six species in

the alpine that reach to cold desert elevations as

low as 1220 m, as exemplified by Chrysothamnus

viscidiflorus subsp. viscidiflorus that occurs com-
monly from 1550^000 elevation.

It is instructive to combine the data on life

form and elevational range of occurrence to

assess if certain life forms are more likely than

others to have broad elevational ranges. Among
the alpine flora described here, broad-leaved

herbaceous perennials, graminoids, and cushions

and mats have 75%, 72% and 81%, respectively.

Table 1 . Relationship Between Plant Liee form and Habitat oe Characteristic Occurrence eor the
Alpine Plant Species oethe White Mountains, California.

Shrub Chamaephyte
Cushion/

mat
Broad-leaved

herbaceous perennial

Perennial

graminoid Annual
Total

flora

Number of species

Aquatic 0 0 0 0 0 1 1

Wet 0 0 0 7 4 0 1

1

Moist 2 2 2 20 11 2 39

Tallus slope 0 0 4 2 0 7

Fellfield 0 1 4 36 16 10 67
Open slope 1 3 9 18 3 0 37
Rocky site 0 0 3 1 0 0 4

Total 3 7 18 86 36 13 163

Relative values (%)

i

Aquatic 8 0.6
^ Wet 8 11 7

Moist 50 29 11 23 31 15 24
, Tallus slope 14 5 6 4

Fellfield 14 22 42 44 77 41

Open slope 50 43 50 21 8 21

Rocky site 17 1 2

Total 100 100 100 100 100 100 99.6
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cold desert montane subalpine alpine high alpine

(>1220 m) (>1980 m) (>2895 m) (>3500 m) (>3960 m)

Fig. 5. Typical habitat occurrence of the native vascular plant species in the alpine zone above 3500 m in the

White Mountains.

of their species restricted to subalpine and alpine

habitats (i.e., elevations above 2900 m). This is a

far greater proportion than that present in

phanerophytes, chamaephytes and annuals where
only 50%, 38%, and 54% of species respectively

are limited to these higher elevations. Obligately

alpine species in the White Mountains fall almost

entirely into just three life forms - broad-leaved

herbaceous perennials (33 species), graminoid
perennials (17 species), and cushions/mats (3

species). Only one chamaephyte. Phlox conden-

sata, has this elevational restriction, and it is quite

mat-like in its growth habit. The two other alpine

specialists are the wetland annuals Callitriche

verna and Juncus bryoides that would be expected

to occur at lower elevations in the White
Mountains if suitable habitats were present.

These data are consistent with the generalization

that upright woody plants and annuals have
relatively low abundance and diversity in alpine

habitats.

The biogeographic affinities of the alpine flora

show strong links throughout the mountains of

the western United States. Only 26 species in the

alpine flora are widespread or transcontinental

species. The largest group, 55 species (34% of the

flora), has broad linkages to western cordilleran

regions including the Rocky Mountains and/or

Pacific Northwest (Fig. 6). Another 36 species

(22% of the flora) are linked directly to the Sierra

Nevada/Cascade Ranges. Together then, more
than 70% of the alpine flora of the White
Mountains is shared with the Sierra Nevada.
Strong biogeographic connections to the flora of

the Intermountain Ranges are characteristic of 41

species (25% of the flora).

Just three species are endemic to the alpine

zone of the White Mountains, while three other

species come close to being endemic. The
endemics are Draba californica, D. monoensis,

and PotentUla morefieldii. The high alpine Pole-

monium chartaceum occurs principally in the

White-Inyo Range with a disjunct occurrence in

the Klamath Region of northern California.

Recent studies have shown that these populations

are morphologically distinct and deserve more
careful study (Pritchett and Patterson 1998).

Draba siibumbellata and Arabis pinzlae reach just

beyond the White Mountains into the eastern

slope of the Sierra Nevada in northwestern Inyo

County, and D. sierrae extends only slightly

further into the Sierra Nevada (Price and Rollins

1988; Rollins and Price 1988; Constance-Shull

and Sawyer 2000).

Introduced Flora

Alpine habitats are generally inhospitable for

alien plant species, and the White Mountains are

no exception. Seven species of introduced plants

have been reported from the alpine zone: Senecio

vulgaris (Asteraceae), Capsella bursa-pastoris.

Sisymbrium irio, S. orientale, and Descurainia

Sophia (Brassicaceae), Stellaria media (Caryo-

phyllaceae), and Chenopodium rubrum (Cheno-

podiaceae). The first six of these are ahen to

CaHfornia, while the last in this list is now
questionably considered to be native. All seven
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species, however, owe their presence in the alpine

zone of the White Mountains to unintentional

human introduction. None of these species is well

established, with only Capsella bursa-pastoris

reported in multiple small colonies along the

roadside. Six of these species are annuals
attempting to survive near their upper elevational

limits. The one exception is Chenopodium rubrum,

which although an annual at lower elevations,

takes on a biennial growth form in the alpine

zone of the White Mountains (Spira and Wagner
1988).

Discussion

Floristic Richness and Life Forms

The total flora of the White Mountains
includes 988 species (Morefield 1992), and thus

the alpine flora as defined here thus includes 1 6%
of this flora.

Although conditions of the total and seasonal

distribution of rains differ in alpine habitats from
the Sierra Nevada eastward across the Great
Basin to the Rocky Mountains, the relative

dominance of a few life forms does not change
dramatically across this gradient (Billings 1978,

2000). Herbaceous perennials represent the dom-
inant life form in all of these alpine regions. This
Hfe form in alpine regions has the characteristic of
maintaining large proportions of total biomass
belowground where they play an important role

in carbohydrate storage over the winter months
(Mooney and Billings 1960; Billings 1974).

The herbaceous perennials include species with

a variety of ecological forms and life history

strategies of carbon allocation to belowground,
aboveground vegetative, and reproductive tissues

(Rundel et al. 2005). Within this broadly defined

category are perennial graminoids, broad-leaved

tussocks, mats and cushions, rosettes, and
biennials (Raunkiaer 1934). Many of these are

relatively long-lived plants surviving for decades

(Billings 1974; Pollak 1991), while others are

biennials living for only two years. Perennial

graminoids commonly dominate plant communi-
ties of wet meadows that dry earlier than fellfield

communities. In contrast, fellfield habitats exhibit

a mixed dominance of mats and cushions, broad-

leaved tussocks, perennial graminoids, and ro-

sette plants (Rundel et al. 2005).

The perennial graminoids themselves include a

diverse set of ecological strategies. Whereas these

species comprise a large portion of the species

and heavily dominate the cover of wet areas with

saturated soils and moist meadows, they also

include a number of more drought-adapted
fellfield species as well. The fellfield grass

Muhlenbergia richardsonis, a species with C4
metabolism, reaches a remarkable elevation of

nearly 4000 m at the summit of Mount Barcroft

(Sage and Sage 2002). This is likely the highest

elevation reached by any C4 species in the United
States or Canada.



210 MADRONO [Vol. 55

Longer-lived species commonly allocate less to

reproductive tissues than shorter-lived species.

This can be illustrated by the alpine gentians of

the White Mountains, for example, where relative

allocation to reproduction in the broad-leaved

tussock Gentiana newberryi is significantly lower

than in the biennial Gentianella tenella and
Gentiana prostrata (Spira and Pollak 1986). Such
biennial growth forms, however, are relatively

uncommon in the alpine flora White Moun-
tains where harsh growing conditions select

against plants with short life spans. Beyond
these two gentians, the other six species of

biennials are all members of the Brassicaceae.

These are Arabis divaricarpa, A. holboelii var.

peduncuocarpa, A. inyoensis, Descurainia incana,

Draba albertina, and Halimolobus virgata (More-
field et al. 1988).

Annual plants, for the same reasons of short

and severe growing conditions, are generally rare

in the typical circumboreal arctic-alpine floras of

the Northern Hemisphere, comprising only 1-2%
of the flora (Billings 2000). Although not
abundant, annuals, nevertheless, are relatively

more common in the summer dry alpine of the

Sierra Nevada and White Mountains where they

comprise about 8% of the floras (Jackson and
Bliss 1982; Jackson 1985; Spira 1987; Spira and
Wagner 1988). Annual plants are largely restrict-

ed to specific habitats in the alpine zone of the

White Mountains. Sandy drainage channels are

the habitat for such annuals as Cryptantha
glomeriflora (Boraginaceae), Gayophytum race-

mosum (Onagraceae), Gymnosteris parvula (Po-

lemoniaceae), and Mimulus suksdorfii (Scrophu-

lariaceae) (Morefield 1988; Spira 1991). Such
microsites provide relatively high growing tem-

peratures and available water early in the

growing season, a time critical for annual plants

to complete their life cycle.

Subshrubs and shrubs are less rich in species in

the White Mountains alpine than typical circum-

boreal arctic-alpine floras. Their unusually low
diversity in the alpine flora of the White
Mountains reflects perhaps the relatively dry
conditions and low nutrient availability in this

area. There has been little study to date of these

species in the White Mountains.

Biogeographic Patterns of Species Richness

A number of checklists of regional alpine floras

exist for the western United States, and these can
aid in examining patterns of biogeographic
relationships. It is interesting to compare patterns

of species richness among these alpine areas,

although some caution is necessary because of the

differing manners in how alpine zones are

defined. Alpine regions of the central Rocky
Mountains that extend over an extensive area of
hundreds of square kilometers include 609

vascular plant species (Scott 1995). Although a

specific enumeration of the alpine flora of the

Sierra Nevada has not been made, it has been
estimated to be about 600 species (Chabot and
Billings 1972).

Alpine floras of smaller ranges across the

Great Basin vary in size depending on not only
the area of habitat present, but also the degree of
isolation of the mountain range. In general, these

small ranges with relatively low rainfall have
smaller alpine floras than comparable areas of
alpine habitat in either of the larger and less xeric

Sierra Nevada or Rocky Mountains. Ranges
lying closer to the Rocky Mountains generally

show strong florisitic linkages to this range, while

those lying on the western margins of the

Intermountain Region have floras more strongly

linked to the Sierra Nevada. Loope (1969)
reported 189 alpine species from the Ruby
Mountains in northeastern Nevada, with this

flora showing a strong affinity to alpine floras of

the Rocky Mountains. The isolated San Fran-

cisco Mountain in Arizona with only 5.2 km^ of

alpine habitat has 80 species and likewise shows
strong floristic relationships to the Rocky Moun-
tains despite its separation (Schaak 1983). In

contrast, the Sweetwater Mountains lying 33 km
west of the Sierra Nevada supports a flora of 173

species in 16 km^ of alpine habitat, with 94% of

this flora common to the Sierra Nevada (Bell

Hunter and Johnson 1983). The small alpine zone
on Mt. Grant to the north of the Sweetwater
Mountains in western Nevada is just 2.6 km^ in

area supports a flora of 70 species dominated by
Sierra Nevadan elements (Bell and Johnson
1980).

Comparing checklists at the species level (i.e.,

ignoring subspecific taxa), the alpine flora of the

White Mountains exhibits a much stronger

biogeographic relationship to the Sierra Nevada
than to the central Rocky Mountains. Thus, 87%
of the species in the alpine flora of the White
Mountains are also found in the Sierra Nevada
(Hickman 1993) compared with only 58% that

occur in the ranges of the central Rocky
Mountains (Scott 1995). These values are signif-

icantly higher for both ranges than earlier

estimates made on incomplete data (Lloyd and
Mitchell 1973). The alpine flora of the White
Mountains, like the Sierra Nevada, lacks many of

the typical circumboreal alpine species commonly
present in other alpine regions of North America
(Billings 2000).
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Appendix 1. The native vascular plant flora of alpine areas of the White Mountains above 3500 m
Elev. Species are listed alphabetically by family and species, with family names abbreviated by their first four

letters. Species follow Hickman et al. (1993). Life forms are shrub (phanerophyte, S), chamaephyte (subshrub, CH),
cushion or mat (C/M), broad-leaved herbaceous perennial (HP), perennial graminoid (G), and annual (A).

Elevation zones of lowest occurrence are cold desert (CD), montane (MON), subalpine (SUBA), alpine (ALP), and
high alpine (HALP). Habitat categories are aquatic (A), areas with saturated soils (W), wet meadow (M), fellfield

(FF), talus slope (T), open slope (OS), and rocky slope (R). Biogeographic distribution categories are widespread

(W), western cordilleran (CORD), Sierra-Cascade (S-C), intermountain (INT), and endemic (END). See text for

discussion of these categories.

Species Family Life form Elevation zone Habitat Biogeography

Pteridophyta

Selaginellci wcitsonii 1 4 O 1 ; 1

.

r r UN 1

Cystopteris fragilis VJiK I y)
I 1 o 1 ; 1

,

r r UN 1

Pellcicci hfewi^Fi PXRRr 1 liiv r r U > 1

ngiospermae—Dicotyledonae

Cymopterus cinerarius APIA HP SUBA OS INT
Agoseris glauca var. laciniata ASTE HP SUBA FF WIDE
Antennaria media ASTE C/M ALP M CORD
Antennaria rosea ASTE HP MON FF WIDE
Antennaria umbrinella ASTE C/M SUBA M WIDE
Artemisia draciinculus ASTE HP MON FF INT
Artemisia ludoviciana subsp. incompta ASTE HP CD FF INT
A rtemisia michauxiana ASTE HP SUBA M CORD
Artemisia rothrockii ASTE CH SUBA M S-C
Chaenaetis alpigena ASTE HP ALP M S-C
Chrysothamniis viscidiJJorus subsp. ASTE CH MON T INT

viseidijlorus

Crepis nana ASTE HP ALP M CORD
Ericameria discoidea ASTE CH SUBA M INT
Ericameria suffruticosa ASTE CH SUBA FF INT
Erigeron clokeyi ASTE HP MON OS INT
Erigeron compositus ASTE C/M MON FF WIDE
Erigeron pygmaeus ASTE C/M ALP FF S-C
Erigeron vagus ASTE HP HALP FF INT
Hulsea algida ASTE HP ALP FF INT
Machaeranthera canescens var. ASTE HP MON FF CORD

canescens

Pyrrocoma apargioides ASTE HP SUBA M S-C
Raillardella argentea ASTE HP ALP FF S-C
Senecio integerrimus var. major ASTE HP MON FF CORD
Senecio pattersonensis ASTE HP ALP FF INT
Senecio scorzonella ASTE HP SUBA M S-C
Senecio werneriaefolius ASTE HP ALP FF S-C
Solidago multiradiata ASTE HP SUBA FF CORD
Stenotus acaulis ASTE C/M MON R INT
Townsendia condensata ASTE HP ALP OS CORD
Townsendia leptotes ASTE HP ALP FF CORD
Trimorpha lonchophylla ASTE HP MON M WIDE
Cryptantha cinerea var. abortiva BORA HP MON OS INT
Cryptan t/ia glomeriflora BORA A SUBA FF S-C
Cryptantha humilis BORA HP SUBA OS INT
Cryptantha nubigena BORA HP SUBA FF INT
Anelsonia eurycarpa BRAS HP HALP FF S-C
Arabis X divaricarpa BRAS HP ALP OS CORD
Arabis holboellii var. pendulocarpa BRAS HP ALP FF INT
Arabis inyoensis BRAS HP MON OS INT
Arabis lemmonii BRAS C/M SUBA OS INT
Arabis lyalii var. nubigena BRAS HP SUBA OS INT
Arabis pinzlae BRAS HP ALP FF S-C
Arabis platysperma var. platysperma BRAS HP SUBA FF S-C
Descurainia incana BRAS HP MON M CORD
Draba albertina BRAS HP SUBA FF CORD
Draba breweri BRAS HP ALP FF S-C
Draba ca/ifornica BRAS HP ALP M END
Draba densifolia BRAS C/M SUBA FF INT
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Appendix 1. Continued

Species r amily Lite lorm Elevation zone Habitat Biogeography

Draba monoensis BRAS HP ALP FF END
Draba oligosperma var. oligosperma BRAS C/M SUBA OS CORD
Draba subumbellata BRAS HP ALP T S-C
Halimolobos virgata BRAS HP SUBA W CORD
Lesquerella kingii subsp. kingii BRAS HP MON R INT
Callitriche verna CALL A ALP A WIDE
Arenaria kingii var. glabrescens CARY C/M SUBA OS S-C
Cerastium beeringianum var. capillare CARY HP HALP M WIDE
Minuartia nuttallii subsp. gracilis CARY HP ALP FF CORD
Minuartia rubella CARY HP ALP FF CORD
Minuartia striata CARY HP ALP M CD
Sagina saginoides CARY HP MON W WIDE
Silene bernardina CARY HP MON OS CORD
Silene sargentii CARY HP ALP FF S-C
Stellaria umbellata CARY HP ALP W WIDE
Chenopodium atrovirens CHEN A CD M CORD
Chenopodium leptophyllum CHEN A MON FF CORD
Monolepis nuttalliana CHEN A SUBA FF CORD
Sedum roseum subsp. integrifolium CRAS HP ALP FF WIDE
Astragalus kentrophyta var. tegetarius FABA C/M SUBA OS S-C
Lupinus lepidus var. utahensis FABA HP MON M CD
Oxytropis borealis var. viscida FABA HP ALP FF CORD
Oxytropis parryi FABA C/M SUBA OS INT
Trifolium andersonii var. beatleyae FABA C/M SUBA OS END
Trifolium monanthum var. monanthum FABA HP MON M S-C
Gentiana newberryi var. tiogana GENT HP ALP M S-C
Gentiana prostrata GENT HP SUBA M WIDE
Gentianella tenella subsp. tenella GENT HP MON W WIDE
Ribes cereum GROS P MON OS INT
Nama densum HYDR A MON FF INT
Phacelia hastata subsp. compacta HYDR HP MON OS S-C
Linum lewisii var. alpicola LINA HP ALP OS INT
Gayophyturn racemosum ONAG A SUBA FF CORD
Gymnosteris parvula POLE A SUBA FF CORD
Ipomopsis congesta subsp. montana POLE HP MON FF S-C
Leptodactylon pungens POLE CH SUBA OS CORD
Linanthus nuttallii subsp. pubescens POLE CH MON OS CORD
Phlox condensata POLE C/M MON OS CORD
Phlox pulvinata POLE CH ALP OS CORD
Polemonium chartaceum POLE HP HALP OS END
Eriogonum gracilipes POLY C/M SUBA R INT
Eriogonum lobbii var. lobbii POLY HP ALP FF S-C
Eriogonum ovalifolium var. nivale POLY C/M SUBA OS INT
Eriogonum rosense POLY C/M MON R INT
Eriogonum spergulinum var. POLY A MON FF INT

reddingianum

Oxyria digyna POLY HP ALP M WIDE
Rumex paucifolius POLY HP SUBA OS S-C
Calyptridium roseum PORT A MON FF INT
Calyptridium umbellatum PORT HP SUBA FF CORD
Lewisia pygmaea PORT HP ALP FF CORD
Montia chamissoi PORT HP MON W S-C

Androsace septentrionalis subsp. PRIM HP ALP OS CORD
subumbellata

Dodecatheon redolens PRIM HP MON W INT
Ranunculus alismifolius var. alismellus RANU HP SUBA W S-C
Ranunculus eschscholtzii var. oxynotus RANU HP ALP T S-C
Ranunculus glaberrimus var. ellipticus RANU HP SUBA M CORD
Thalictrum alpinum RANU HP MON M WIDE
Ivesia gordonii ROSA HP ALP OS INT
Ivesia lycopodioides subsp. scandularis ROSA HP ALP M INT
Ivesia shockleyi var. shockleyi ROSA C/M ALP OS S-C

Potentilla fruticosa ROSA P MON M WIDE
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lOlcrlllllCl ^ILiriLlUlO^iCl suusp. ROSA HP ALP OS POR DV V / 1\ 1 J

ps6lidoKupcstfis

rulcrllillu rriui tj IclClll ROSA HP SUBA OS END
1 Ulcrl I lllid pt:flc>yiVtlHlLU ROSA HP SUBA FF WIDE
Prtti^vitiil/'i nKf^iinf'iKfvicf^n ROSA HP ALP FF CORD
kjlUUClltilH pr (JL LirrlUcrlk^ ROSA HP ALP FF WIDE
KJUllUiH rtlUll ij lUr Urn RUBI HP SUBA T INT
Salix orestera SALI P SUBA M S-C
Heuchera duranii SAXI HP SUBA T CORD
Castilleja nana SCRO HP SUBA OS INT
Mimulus mephiticus SCRO A SUBA T S-C
Mimulus primuloides subsp. prinmloides SCRO HP MON M S-C
Mimulus suksdorfii SCRO A SUBA FF INT
Pedicularis attollens SCRO HP SUBA M S-C
Penstemon heterodoxus var. heterodoxus SCRO C/M SUBA FF S-C

ngiospermae—Monocotyledonae

y^Ur c.V CllUUrll^r U CYPE ALP M CORD
l^t/Atr.v Ur t:\Vcr I Veil. Uft.Wt.rl CYPE Q ALP W S-C
nvpx rnnitntn CYPE G ALP W WIDE

Care X (ioiiglQsii CYPE G CD M CORD
\^ Li. 1 C >\ etc t/t. f / t*f li.> CYPE G SUBA FF CORD

nrf^\' filifnlin \j'AV pm^tvninC*fCV 1 11 11 k/ I HA veil. Cf Co tiiALK* CYPE G SUBA M CORD
K^Clr c:^\ rlLiytlt^rllLlrlH CYPE G SUBA M CORD
I nvp\' hpifpyiHI cv f ici ic r I CYPE G ALP FF S-C
\^ Hi C-V Afcfcf {Jrlt:Lii H Vdl . flt^lCf (Jrlclir Li CYPE G SUBA W INT
y^tlt c-A, rrllLi LfjJlt^f tl CYPE G MON M CORD

/~ivp\' nli/ipnppTili/iirtK^Clf C\ jJfltlt:iJLt^jJilLllLl CYPE G SUBA FF CORD
V, L* 1 c --v Of/ L*r r I If 1 11 1 rriiky CYPE G SUBA M S-C
V_ t< 1 cv tJlAiJi ll^i tL-Ct/lO CYPE G ALP M INT
nvpx vpyyinpuln CYPE G ALP M CORD

Elcochciris pcmciflovG CYPE G MON W WIDE
Juncus bolticus JUNC G SUBA M CORD
Jiifictis bryoidcs JUNC G-A ALP FF CORD
TunPI J s: yiPvnHpnvi ^ JUNC G MON M CORD
JiAViciis pciFryi JUNC G ALP FF CORD
Ltizulci spicQta JUNC G ALP FF WIDE
A pfiyi/i fhpyijyyj ti inptpiviivyiJ^L. f If ILl If IC. r lAffl l7lrlClL/f lArfl POAC G MON OS INT
l^CliClfflCl^f C/jf/o ULtr ULir Cl^Lt^rl^ G MON FF WIDE
r^PKPnnyTi7is:i/i pps:nitPi^/i <iiin<iT^ pp^nitn^/iJ-^ \^ Ljl^ f liAf f IL/ tJ IL4- C CO/y/ I L/i3C* oLlL^oL/. CCO/7/tL/OLl POAC G ALP M WIDE
F'^iviviij V p^^7lvl^^i^p ^ POAC G MON OS CORD
Elyifjus scrihncri POAC G HALP T CORD
i^iyfriiA-Ci I f Li%^ f lyL. ttLtii/iLy olj-l^ol'. o tt/yoc l trcMo POAC G MON FF WIDE
Fp^tupp] hrp^ph^)nh^)]l^ <iiih<iT^ hvpvipuliyii s:J- cotMcc-* f_/fC*c f ly lyf ly I la oLiL-'oL/- ijrK.vi\^i.tiffiii3 POAC G SUBA FF WIDE
1 t^iJilACCl ffllfllAllJKJrCl POAC1 V y/AV G SUBA FF CORD

piplpvipl t^iripy^iyitli/^iJvC/c/cA Itl rrltlLf ClrllflU. POAC G SUBA OS WIDE
A/fiJniPViriPVO'i/t yipfi/^iy/^^PiJ^ivIVl Llrllt^rlUt:t ^ Iti f It flClf CtoUfllij POAC G MON FF CORD
Poa abbreviata subsp. pattersonii and POAC G HALP FF CORD

subsp. marshii

Poa cusickii subsp. epilis POAC G SUBA FF CORD
Poa glauca subsp. rupicola POAC G ALP FF CORD
Poa keckii POAC G ALP T S-C
Poa lettermanii POAC G HALP FF CORD
Poa secunda subsp. secunda POAC G CD FF CORD
Trisetum spicatum POAC G SUBA FF WIDE
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Abstract

Ariindo donax L. (Poaceae) is an invasive grass that severely degrades riparian habitats. It grows in

many-stemmed clumps and, in California, spreads vegetatively only. Currently, A donax is thought to

invade new areas through fragments broken from established clumps during flood events. But the role

of flooding in generating fragments is based on anecdotal evidence only and has not been adequately

studied. I examined A. donax clump break-up and reproduction via fragmentation in the Tijuana

River Valley, California. 1 found that: (1) the majority of the new recruits from fragments grew from
rhizome fragments (85% of 54) rather than stem fragments; (2) during the record rainfall of 2004—

2005, flood waters damaged the rootstock of only a small proportion of clumps in the flood zone (7%;
n = 46 clumps), and relatively few recruits from fragments subsequently became established in the

valley at large (0.048 recruits 100 m^^); and (3) during emergency channel maintenance along one
tributary, bulldozers severely damaged the rootstock of all clumps growing on the channel bank (n =
3 clumps), and many recruits from fragments subsequently became established downstream of the

bulldozer activity (2.92 recruits 100 m"-; 61 times the number in the valley at large). These results

indicate that, in the Tijuana River Valley, flood events only rarely break up A. donax rootstock and
wash rhizomes downstream, and bulldozers play an important, and overlooked, role in the break-up
and dispersal of A. donax. To reduce the spread of A. donax via rhizome fragments, regulatory

agencies should require appropriate management practices when bulldozers are used in the presence of

A. donax, and land managers should not use bulldozers when attempting to eradicate A. donax.

Key Words: Arundo donax, dispersal, flooding, giant reed, invasive species, non-indigenous species,

plant fragments, rhizomes.

Arundo donax L. (Poaceae), giant reed, is a

large, invasive grass from Eurasia that severely

degrades riparian habitats in many temperate

areas of the world (Dudley 2000; Global Invasive

Species Database 2005). In California, a tremen-

dous amount of effort has gone into controlHng

its spread (Katagi et al. 2002), but it is still

common in most watersheds and even the

dominant plant along many reaches (Neill and
Giessow 2004). To determine the best strategy for

control of any invasive plant, one needs detailed

knowledge of its means of spread (Radosevich et

al. 1997). Arundo donax spreads vegetatively in

California, as no seedlings or viable seeds have
been found (Perdue 1958; Else 1996; Johnson et

al. 2006). The vegetative expansion of established

clumps via lateral growth of rhizomes (Decruye-

naere and Holt 2005; Boland 2006) and via

layering of stems (Boland 2006) has received

some recent attention, but there is little informa-

tion on the formation of new clumps from
vegetative fragments (cf. Else 1996; Boland 2006).

The conventional wisdom regarding the spread

of A. donax via fragmentation is simple: during

flood events, fragments are broken from estab-

lished clumps and dispersed downstream where
they subsequently sprout and grow into new
clumps. Bell (1993), for example, states that

''{fjlood events break up clumps of Arundo and

spread the pieces downstream. Fragmented stem

nodes and rhizomes can take root and establish as

new plant clones'' This idea has been repeated

many times and has become entrenched in the A.

donax literature (e.g.. Else 1996; Bell 1997;

DiTomaso 1998; Kelly 1999; McWiUiams 2004).

But the central premise - that flood events cause

the break-up of clumps - is based on anecdotal

evidence only and has not been adequately

examined.

No other method of fragmentation has yet

been proposed. But there are anthropogenic

forces at work in watersheds that can influence

A. donax break-up and dispersal. In the Califor-

nia wildlands where A. donax has become
abundant, heavy equipment, such as bulldozers,

loaders, excavators and tractors, are frequently

used to maintain river channels, to construct

flood-control berms beside agricultural fields, to

maintain dirt roads, to dig quarries, and even to

control A. donax (personal observations). I have

observed bulldozers and other heavy equipment
undercut, break up and move clumps of A.

donax, and I suggest that they play an important,

and heretofore overlooked, role in the break-up

and dispersal of A. donax.

The purpose of this study was to examine

vegetative reproduction via fragmentation in A.

donax. First, I asked the question: What plant
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parts (stems or rhizomes) most commonly
become successful recruits? Then I conducted

observations and surveys that focused on the

roles of flood flows and bulldozers in the break-

up of established clumps, the dispersal of

fragments and the recruitment of new clumps.

The results of this study provide a new view of

the mechanism of break-up and dispersal of A.

donax that elevates the role of mechanical

disturbance and suggests that new management
practices are urgently needed if A. donax is to be

successfully controlled.

Study Site

The study was conducted in the Tijuana River

Valley, California, which is a coastal floodplain

at the end of a large (448,000 ha) watershed that

is partly in Mexico. The valley spans 1457 ha at

approximately sea-level and includes a county
regional park, a state park, and a national

wildlife refuge (Concur 2000; Boland 2006). The
valley contains prime riparian and salt marsh
habitats that have been invaded by invasive, non-
native species, including A. donax, salt cedar

(Tamarix spp.), and castor bean {Ricinus commu-
nis). Arundo donax is common in the valley

(Southwest Wetlands Interpretive Association

2002) and in much of the rest of the watershed

upstream (Woch 2005).

This study was conducted between 2004 and
2006. The 2004^2005 rainfall year was the third

wettest in San Diego history (57.2 cm of precip-

itation; Western Regional Climate Center 2006),

and the unusually heavy rainfall produced many
days of high flows in the Tijuana River Valley

—

172 days when the average daily flow rates were
>1 m^ sec ' (Boland 2006; International Bound-
ary & Water Commission 2006). During January
2005, emergency channel maintenance was con-

ducted in Smuggler's Gulch, a narrow, sandy
tributary leading to the main river flood plain.

High flows threatened to breach the channel
banks and flood neighboring farms, so bulldozers

were used along an 800 m section to deepen the

channel by working the bottom sediment into the

flowing stream and to raise the banks by
depositing sediment from the channel onto the

banks. No other major bulldozing occurred in the

flood zone in the valley between 2003 and 2006.

Methods

Plant Fragments that Become Successful Recruits

To determine which A. donax plant parts most
often become successful recruits, extensive
searches for new recruits from plant fragments
were conducted throughout the valley during the

spring and summer of 2005. These searches
included: (a) valley-wide belt transects that

covered 0.84 ha described in more detail below
and in Boland (2006); (b) localized surveys that

covered 0.12 ha - also described below; and (c)

additional searches that covered approximately
0.3 ha in selected areas where new recruits from
fragments were expected to occur, e.g., areas

containing debris piles. The total area surveyed

was therefore > 1.25 ha. When a sprouting
fragment was found, the sprout was dug up and
the fragment was identified as either a piece of

rhizome or stem (i.e., culm).

The Role of Flood Flows

Observations of A. donax Clumps During
Flooding Events. To determine whether flood

flows broke up clumps of A. donax, I watched the

behavior of A. donax clumps in the flood waters

throughout the severe winter of 2004-2005.

During more than 30 visits to the valley, I

observed clumps from bridges while flooding was
occurring. I looked for evidence of damage to

clumps due to flood flows, e.g., breaking of
rhizomes, undermining of rootstock, and wash-
ing-away of whole clumps during the flooding.

Estimation of Flood Damage to A. donax
Rootstock. To assess the damage to clumps of

A. donax caused by the exceptional winter of

flood events, I examined clumps before and after

the 2004-2005 floods. I had photographed 63 A.

donax clumps in all parts of the valley, during

summer 2004, as part of a separate study. During
summer 2005, I reexamined these clumps. At
each clump, I compared the clump with the photo
taken before the flooding and estimated the

amount of flood damage to the rootstock as

either none, slight (area of <1 m^ missing),

moderate (1-3 m- missing) or severe (>3 m-
missing). During the visit, the clump was also

determined to be inside or outside the 2004—2005
flood zone according to its position relative to

flood debris. The clumps were located through-

out the valley, both inside (46 clumps) and
outside (17 clumps) the flood zone. Clumps
outside the flood zone were not expected to be

damaged by flood flows but their results are

presented for comparative purposes.

Abundance of Sprouting A. donax Fragments in

the Valley After the Flooding. To determine the

number of new recruits from fragments after the

2004—2005 flooding, I surveyed the valley during

June 2005 using the same procedures as Else

(1996). Eight transects across the river valley were
chosen in a stratified-random manner (Boland

2006). The transects were 2 m-wide belts that ran

perpendicular to the river channel and extended

from the southern edge to the northern edge of

the 2005 flood zone. The boundary of the flood

zone was determined by the presence of debris

indicating the highest flood level of the 2004-
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2005 flood season. Transect lengths varied

depending on the width of the flood zone (range
= 97-865 m; n = 8). The total area surveyed was
0.84 ha. Within each transect, the number of new
A. donax recruits from fragments was counted.

Each new recruit was excavated and determined

to be from a fragment if it was not attached to a

parent plant (as opposed to a new recruit formed
via stem layering, which would have a visible

connection to the parent plant; Boland 2006).

Recruits from fragments were further classified as

being from a fragmented stem or rhizome. The
average density of new recruits from fragments in

the valley as a whole, i.e., resulting from flood

events only, was estimated from this survey and
reported as the number per 100 m-.

The Role of Bulldozers

Observations of A. donax Clumps During
Bulldozer Activity. The January 2005 emergency
channel maintenance at Smuggler's Gulch pro-

vided an opportunity to observe the effects of
bulldozers on A. donax. I watched for cutting of

rhizomes, undermining of rootstock, pushing of

live material into the channel flow, and deposit-

ing of excavated A. donax onto channel banks.

Estimation of Bulldozer Damage to A. donax
Rootstock. To assess the damage caused by
bulldozers to rootstocks of A. donax, I examined
the three large clumps growing on the banks of

Smuggler's Gulch in January 2005, immediately
after the maintenance was completed. I did a

follow-up survey in June 2005 to further evaluate

damages due to the maintenance activity. For
each clump, I estimated the amount of bulldozer

damage to the rootstock as either none, sHght

(area of <1 m- missing), moderate (1-3 m^
missing) or severe (>3 m- missing) based on
photos and previous knowledge of clump size

from prior site visits.

Abundcmce of Sprouting A. donax Fragments
Downstream ofa Bulldozed Channel. Immediately
after the dredging at Smuggler's Gulch in

January 2005, I saw vegetation debris scattered

over a cleared staging area located in the

floodplain approximately 150 m downstream of

Smuggler's Gulch. To determine the number of

new recruits from fragments occurring down-
stream of the bulldozer activity, I surveyed this

staging area for sprouting fragments in June
2005. I divided the staging area into two survey

sites, each 100 m X 50 m and, within each site,

searched for new A. donax recruits in six

randomly-chosen, 2 m X 50 m belt transects

(sensu Else 1996; Boland 2006). The total area

surveyed was 0.12 ha. Within each transect, the

number of new recruits from fragments was
counted. Each new recruit was excavated and
identified as a fragment of either stem or rhizome.

The average density of new recruits below
Smuggler's Gulch, i.e., due to bulldozer activity,

was estimated from this survey, reported as the

number per 100 m^, and compared to the density

of new recruits from fragments in the river valley

as a whole using the Chi-square Test with Yates'

correction.

Results

Plant Fragments that Become Successful Recruits

In extensive searches of the Tijuana River

Valley, covering >1.25 ha, I found a total of 61

new A. donax recruits sprouting from vegetative

fragments. For 54 of these, the fragment type

could be unmistakably identified as rhizome or

stem, but seven were too deeply buried to be
identified. Of the 54 identifiable recruits, 46

(85%) were from rhizome fragments, and 8

(15%) were from stem fragments. These results

indicate that, while fragments of both rhizomes
and stems do sprout, rhizome fragments are the

more likely to successfully sprout and give rise to

new clumps. Therefore, in examining the roles of

floods and bulldozers on the break-up of A.

donax clumps, I have focused on the fragmenta-

tion of rhizomes and not of stems.

The Role of Flood Flows

Observations of A. donax Clumps During
Flooding Events. During the severe floods of

2004—2005, there was no evidence of A. donax
clumps being broken-up or otherwise damaged
by flood waters. During low flows, water flowed

around the clumps without disturbing the stems

or rootstock. During high flows, water flowed

through and over the clumps, dead stems were

swept away, and live stems swayed violently in

the currents but remained attached to the

rootstock. All rootstocks appeared to remain

intact.

Estimation of Flood Damage to A. donax
Rootstock. Examination of A. donax clumps after

the floods of 2004-2005, revealed that clumps
suffered relatively little damage to their rootstock

due to flooding. Of the 46 clumps growing inside

the flood zone, 43 (93%) showed no signs of

damage to the rootstock (Table 1 ). Only three

clumps (7%) had damaged rootstocks where
flood flows had partially undermined and swept;

away a portion of their rootstocks. In each case,

the extent of damage was sHght to moderate, with

less than 3 m- of the rootstock lost. As expected,

the 17 clumps growing outside the flood zone

showed no sign of damage to their rootstocks

(Table 1).

Abundance of Sprouting A. donax Fragments in

the Valley After the Flooding. Extensive surveys
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Table 1. The Degree of Damage to Arundo donax Clumps Photographed in Summer 2004 and
Reexamined in Summer 2005. Damage is described as slight (rootstock area of <1 missing), moderate (1-

3 m^ missing) or severe (>3 m^ missing). TJRV = Tijuana River Valley.

Degree of damage to

Clumps rootstocks %
Site (n) Source of Damage None Slight Moderate Severe Damaged

TJRV—Inside Flood Zone 46 flooding 43 2 1 0 7%
TJRV—Outside Flood Zone 17 none 17 0 0 0 0%
Smuggler's Gulch Bank 3 bulldozers and flooding 0 0 12 100%

after the floods of 2004-2005 showed that new A.

donax recruits growing from fragments were rare

in the Tijuana River Valley. Only four recruits

from fragments were encountered in the valley-

wide surveys, i.e., 0.048 recruits per 100 m^
(Table 2).

The Role of Bulldozers

Observations of A. donax Clumps During
Bulldozer Activity. During the January 2005
channel maintenance in Smuggler's Gulch, bull-

dozers undermined A. donax clumps and easily

cut their rootstocks. Front-loaders piled the

dredge spoils on the banks nearby, and this spoil

contained live A. donax pieces, which later

developed into 15 new clumps, a five-fold

increase in clumps on the bank. In addition, the

bulldozers pushed living A. donax material into

the channel where it was washed downstream.

Estimation of Bulldozer Damage to A. donax
Rootstock. Examination of the A. donax clumps
on the banks of Smuggler's Gulch after the

channel maintenance activities confirmed that

bulldozers had substantially reduced the root-

stocks of all three large clumps and caused
moderate to severe damage to each (Table 1).

Abundance of Sprouting A. donax Fragments
Downstream ofa Bulldozed Channel. New recruits

growing from fragments were abundant in the

flood zone immediately downstream from the

bulldozer work in Smuggler's Gulch. A total of
35 recruits were present in the surveys, at a

density of 2.92 per 100 m' (Table 2). This density

was 61 -times the density of new recruits in the

entire valley. Therefore, the density of recruits

downstream of the bulldozer activity was signif-

icantly greater than the density of recruits in

areas not influenced by the bulldozers (Chi-

square Test with Yates' correction; P < .005).

Discussion

The Importance of Rhizome Fragments in the

Dispersal of A. donax

To understand dispersal in A. donax, one needs

to know which plant part is responsible for most
of the new recruits. In the Tijuana River Valley,

the majority of the new fragment recruits (85%)
were growing from rhizome fragments, and many
fewer were growing from stem and branch
fragments. This result is not surprising, as A.

donax rhizomes have been the most viable

fragment under both lab (Decruyenaere and Holt

2001) and field conditions (Else 1996), and
farmers use rhizomes when propagating A. donax
(Hoshovsky 2003). Arundo donax rhizomes are

thick and solid, and designed for carbohydrate

storage rather than for rapid expansion of the

clump (Boland 2006). They provide the plant

with a site for resource storage protected from
fire, frost, grazers and desiccation. When dis-

persed, they provide abundant resources for the

successful establishment of a new clump. As for

the other plant parts, main stems and branches

are hollow and, although their fragments can
sprout (Motamed and Wijte 1998), they are less

likely to become successful recruits (Dudley 2000;

this study). What these results show is that when
studying the reproduction of A. donax by
vegetative fragmentation one needs to focus

primarily on rhizomes and the mechanisms that

break live rhizomes from rootstocks.

Table 2. The Number and Density of New Arundo donax Recruits from Fragments in the Entire
Tijuana River Valley and in the Floodplain Immediately Downstream of the Bulldozed Channel,
Smuggler s Gulch.

Entire Tijuana River Valley Downstream of Smuggler's Gulch

Bulldozer-use upstream? no yes

Surveyed area (ha) 0.837 0.12

Total no. of recruits from fragments 4 35
Density of recruits from fragments (100 m'^) 0.048 2.92

Test of densities (chi-square) P < .005
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The Role of Flood Flows

Currently it is thought that flooding is the

mechanism responsible for the break-up of A.

donax (e.g.. Bell 1993; McWilliams 2004). How-
ever, when A. donax clumps were observed

during an extremely wet year—when extensive

fragmentation would be expected—fragmenta-

tion and the production of new recruits were
found to be rare. I found that only a small

proportion of the clumps were undermined (7%),
only a few rhizomes were removed by flooding

(<3 m- at each clump) and relatively few recruits

from fragments became established in the valley

(0.048 recruits 100 m^). Furthermore, in years

when flows are average or below average, one
sees even fewer instances of fragmentation and
fewer recruits (personal observations). Floods do
not easily break off rhizomes because rootstocks

and the soils they bind create effective barriers to

water flows, and because rhizomes are not easily

broken (personal observations). Hence, although

the conventional wisdom gives the impression

that A. donax clumps are frequently and easily

fragmented by flood flows (Bell 1993), this is not

the case.

The Role of Bulldozers

In contrast to flood events, bulldozers and
other earthmoving equipment easily cut, under-

mined, and moved large sections of A. donax
rootstocks in the Tijuana River Valley. By doing

so bulldozers influenced both the local and long-

distance dispersal of A. donax. At Smugglers
Gulch, bulldozers increased the number of

clumps on the bank five-fold and increased the

density of recruits downstream by 61 -times.

These results show that bulldozers can play a

major role in the break-up, dispersal and
propagation of A. donax.

Bulldozers are a "disturbance" in the tradi-

tional sense (e.g., Begon et al. 1996), in that they

create gaps into which A. donax can invade. They
also act as vectors that carry rhizomes relatively

short distances, and act as dispersal facilitators

that produce the propagules (rhizomes) and leave

them to be dispersed over long distances via river

flows. It is not unusual for mechanical equipment
to facilitate the dispersal of invasive plants (e.g.,

USDA Forest Service 2001). Usually the equip-

ment is the vector, carrying the plant from an
infected area to an uninfected area. But, mechan-
ical equipment can also be the agent that

produces the dispersed material. When mowers
are used to control any of several invasive

waterweeds, e.g., leafy elodea {Egeria densa),

parrot's feather {Myriophyllum aquaticum), Eur-

asian water-milfoil {Myriophyllum spicatum), they

cut and release plant fragments that can drift

into, and establish in, new habitats (Bossard

2000; Godfrey 2000; Hoshovsky and Anderson
2000). Bulldozers and waterweed mowers there-

fore play similar roles in the spread of their

respective invasive plants.

There have been some recent questions about
the spread of A. donax in California. For
instance, Johnson et al. (2006) state: '"The

invasion of California riparian areas by Arundo
continues despite efforts to control its spread, and
there remains some uncertainty as to how it is able

to do so.'' They determined that seed production
was not the mechanism by which A. donax was
invading. I suggest that the "continued inva-

sions" of A. donax they describe are due to

bulldozer activities in the watersheds. The find-

ings in the Tijuana River Valley show that much
of the recruitment of new A. donax clumps can be
separated, in both space and time, from the

bulldozer event that produced them. The dis-

lodged rhizomes can be dispersed hundreds of

meters, and the time between the bulldozer

impact and the obvious growth of the new
recruits can be up to ten months. Someone
finding new recruits in a fiood zone may not

realize that the recruits came from a bulldozer

disturbance many months earher, and possibly

many hundreds of meters upstream. This sepa-

ration of cause and effect has probably contrib-

uted to our slow appreciation of the role that

bulldozers play in the spread of A. donax.

Consequences for Management

Bulldozers are used in A. donax areas to dredge

channels, to raise channel banks, to cut dirt

roads, to mine for sand and gravel, to cut and
clear vegetation, etc. Now, with evidence that

bulldozers promote the dispersal of A. donax,

permitting agencies should insist on appropriate

management practices for these kinds of activi-

ties. The practices on-site could include spraying

of A. donax clumps with herbicide before, during,

and after earthmoving activities, and the instal-

lation and maintenance of plant-debris catchers

during the project. In addition, all soil and plant

debris that is removed from the site should be

treated appropriately to prevent the spread of A.

donax.

Another problem is that bulldozers are some-

times used to eradicate A. donax (Bell 1997;

Oakins 2001). Mechanical excavation would be

an acceptable option if the method were 100%
efficient in removing A. donax rhizomes, but the

method is not that efficient. Typically, at these A.

donax-coniroX sites, bulldozers excavate the

rootstock and front-loaders load the material

into a tub-grinder on-site. The finely-ground

material produced by the tub-grinder is not able

to sprout (Boland unpublished data). But A.

donax rootstocks are incompletely removed from
the soil, rhizome pieces are dropped along the
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way to the tub-grinder, and other pieces are

thrown out uncut by the tub-grinder (personal

observations) and these rhizome pieces are

capable of sprouting (Boland unpublished data).

At one treatment site on the Santa Margarita

River where some mechanical excavation and
tub-grinding was conducted, Giessow and Gies-

sow (1999) noted that "'most of the Arundo
resprouts that occurred resultedfrom small pieces

of rhizome that broke off during the mechanical

removal process.'' Therefore, even the well-inten-

tioned use of heavy equipment as agents for A.

donax-conlYoX can undermine an eradication

effort by producing fragments that propagate A.

donax on-site and downstream. Until safe meth-

ods are developed, mechanical equipment should

be limited to deahng with only the above-ground
biomass of A. donax, and rhizomes should be left

in place and treated chemically.

It is time to recognize the threat posed by
bulldozers and other earthmovers in the uninten-

tional break-up and dispersal of A. donax, and to

focus our efforts on preventing this method of

spread.
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Abstract

In California, the Vegetation Type Map (VTM) project of the 1930's has provided valuable

historical vegetation data. Albert Wieslander led this effort to survey the forests of California in the

1930's. His crews surveyed over 150,000 km^, drawing detailed vegetation maps, taking 3000 photos

and 17,000 vegetation plots. We developed a technique to digitize the Placerville 30' quadrangle VTM,
rendering it to a Geographic Information System (GIS). The map covers 2408.8 km- of the west slope

of the Sierra Nevada. In this area VTM crews identified 59 dominant plant species and eight genera or

land cover classes and mapped their distribution into 3422 polygons. They identified recently

disturbed areas that covered 13.5% of the landscape. We compared the digital VTM quad to

CALVEG, a satellite-derived vegetation map from 1996. Land cover change for California Wildlife

Habitat Relationship (WHR) vegetation types had occurred on 42.1% of the area. WHR types with

the largest gains were: Montane Hardwood, Douglas-Fir, and Annual Grassland. Low elevation

hardwoods, particularly Blue Oak Woodland (dominated by Quercus douglasii, Fagaceae), chaparrals

and upper elevation conifers were the types that lost the most area. Differences in mapping techniques

are unlikely to be the cause of this change because the analysis used controlled for map-based errors.

Potential causes of the observed change at these physiognomic levels of classification include human
perturbation, succession, and cHmate change.

Key Words: Climate change, conifer loss, historical maps, land cover change, Sierra Nevada, VTM
Project.

Historical landscape ecology interprets previous

landscape conditions, which can provide a refer-

ence for assessment of changes in dominant
vegetation, which are of particular interest for

evaluation of ecosystem condition. These studies

tend to be unique, in that interpretations of change
are dependent on the data available, and methods
for interpreting a data source are usually devel-

oped for each study. Notwithstanding, a wide
variety of data have been used for these types of
studies, for example: soil types, agricultural census,

and weather station data have been analyzed to

identify causes of the Dust Bowl (Cunfer 2002);

historical distributions of tree species have been
determined from locations of witness trees used for

demarcating early ownership parcels (Cogbill et al.

2002); tree ring patterns have been used to

establish historical climate and fire histories (e.g.,

Graumhch 1993); vegetation plot revisits have
shown shifts in proportional species abundance
along elevational gradients (Beckage et al. 2008;
Kelly and Goulden 2008); and re-photography of
historical photographs has been used to determine
ecological trends (Veblen and Lorenz 1991).

Historical Overview

The Wieslander Vegetation Type Map (VTM)
Project of California, USA was a United States

' Email: jhthorne@ucdavis.edu

Forest Service (USPS) effort to record the state's

vegetation between 1928 and 1940 (Wieslander

1935a, 1935b, 1986; Griffin and Critchfield 1972).

Headed by Albert Wieslander, the group took
over 3000 photographs of vegetation, surveyed

over 17,000 vegetation plots, recorded field notes,

and mapped vegetation across about 35% of the

state (-155,000 km-; Colwell 1977). The study

covered predominantly USPS lands, but three

national parks (Lassen, Yosemite, and Sequoia/

Kings Canyon) were also surveyed using the same
protocols (Griffin and Critchfield 1972; Wieslan-

der 1986). The project also collected 25,000 plant

specimens, housed at the Jepson Herbarium,
University of Cahfornia, Berkeley. These data

collections form an important California legacy,

and work is underway to systematically process

them for preservation and state-wide analyses

(Ertter 2000; Kelly et al. 2005; Thorne et al. 2006).

The VTM project produced vegetation maps
for 215 quadrangles (55 7.5-minute, 88 15-minute

and 72 30-minute), though portions of some
quadrangles are missing or were not fully

surveyed. Twenty three of the 30-minute maps
were published by the University of California

Press (Colwell 1977). Most of the published maps
were destroyed before sale, although 20 sets were
saved by P. Zinke (Wieslander 1986). These
published maps have extensive margin notes but

contain reduced floristic detail compared to the

original survey maps.
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The VTM project data is the source for much
of the current knowledge of tree and shrub

species distribution in California. Elevational

transect maps of vegetation (Critchfield 1971),

and maps of the distribution of California trees

(Griffin and Critchfield 1972), and range brush-

lands and shrubs (Sampson and Jespersen 1963)

are based heavily on VTM data. The vegetation

plots have received the most research attention to

date, having been used in dissertations and
published studies relating to both community
classification (Jensen 1947; Allen et al. 1991;

Allen-Diaz and Holman 1991), vegetation change
(Bradbury 1974; Allen-Diaz and Holzman 1991;

Holzman 1993; Minnich et al. 1995; Minnich and
Dezzani 1998; Bouldin 1999; Taylor 2000;

Franklin et al. 2004; Taylor 2004), and a study

of carbon sequestration in soils (Fellows and
Goulden 2008). The plots have been fully

digitized and are available to the public online

(Kelly 2008). The photos have been scanned by
the University of CaHfornia Bancroft Library and
are available for viewing (Bancroft Library 2008).

They have been used in at least two studies:

changes in San Diego County vegetation (Dodge
1975) and forest changes at Lassen National Park
(Taylor 2000).

At least three types of VTM maps were
prepared: maps showing the locations of photo-

graphs, the locations of vegetation plots, and
vegetation distribution. Ancillary information

sometimes was recorded on an additional set of

maps that shows stands of individual trees too

small to map to polygons, routes taken, fire

boundaries, and sawmill locations. Wieslander
intended that plot data and vegetation maps to

be used together, with the maps providing the

extent and the plots providing composition and
structure of the vegetation (Colwell 1977; Wies-
lander 1986). A number of early works presented

such analyses (Weeks et al. 1934, 1943; Wies-
lander and Jensen 1946).

The VTM vegetation maps were used for land

management analysis by USFS personnel, who
would determine vegetation type extent by
making a grid of points and overlaying it on the

original VTM vegetation maps. Among their

findings was that the lower edge of the western

Sierra Nevada pine belt had moved upslope by an
average of 305 m, representing a 1 6 km horizon-

tal eastward displacement of the forest's western

edge, recorded along 54 km of forest edge in El

Dorado County (Weeks et al. 1934; Wieslander

1935c). This change, attributed to logging and
which occurred between the 1894 gold rush and
1934, left a deforested area of 65,560 ha, much of

which had been replaced by tree and shrub
species associated with lower elevations.

Several studies used VTM vegetation maps as

background information: Bradbury (1974)
looked at changes in 134 vegetation plots and

25 landscape photos, with vegetation extents

taken from the VTM vegetation maps for the

Ramona Quadrangle in southern California;

Freudenberger et al. (1987) examined changes in

grasslands based on aerial photographs, with
species identification based on VTM vegetation

maps; and Davis et al. (1995; 1998) used scanned
versions of the VTM maps to assist in attribution

of satellite imagery-derived vegetations polygons
for the Gap Analysis Program's (GAP) vegeta-

tion map of California. VTM species were used as

GAP attributes if modern satellite image-derived

shapes of vegetation polygons were similar to the

original VTM polygon shapes.

Walker's (2000) dissertation assessed an early

attempt to digitize VTM vegetation maps into a

GIS. He used the VTM vegetation map from
Yosemite National Park, which park scientist J.

W. van Wagtendonk had digitized in the early

1980's. The digital version was produced on a

digitizing table; the exact methods used are not

known. Walker compiled the digitized line files he
received from the park. He determined that the

topographic map edition the VTM was drawn on
(the base map), had non-systematic topographic

mis-registration errors of up to 250 m when
compared to a newer, digital version of the

topography. He treated the problem by applying

some 14,000 tie points to warp the historic maps
(the park is spread over parts of four, 30-minute

topographic quads) to the digital topography.

Subsequently, species lists from modern surveyed

vegetation plots were in good agreement with the

vegetation of the VTM polygons they were
located in.

This paper presents an analysis of change in

vegetation from a 30-minute quadrangle in

California's Sierra Nevada that was part of the

Wieslander Vegetation Type Mapping (VTM)
survey. We developed a technique for rendering

the VTM vegetation maps to GIS, applied it to

the quadrangle, and compared dominant vegeta-

tion type extents to a second vegetation map,
mapped in 1996, comprising a time step of 62 yr.

Methods

We selected the VTM map for the Placerville

30-minute quadrangle, located in the Sierra

Nevada (Fig. 1) and developed a method to

digitize it, with the intent of examining changes in

vegetation extent. The VTM map was originally

surveyed according to a protocol which included:

surveying from ridgelines; drawing vegetation

polygons on the topographic base map; and
recording the dominant plant species as codes in

each polygon. Once species codes were recorded,

field crews colored the polygons to match a

habitat-level classification, drew cross-hatch lines

to indicate burned or logged areas, and fixed the

colors using a high quality benzene or gasoline
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Fig. 1 . Study area. Wieslander VTM crews surveyed the vegetation of the Placerville 30 min quadrangle, on the

western slope of the Sierra Nevada, between 1931 and 1934.

(Wieslander et al. 1933). The vegetation recorded

on the Placerville VTM quadrangle was mapped
between 1931 and 1934 (Weeks et al. 1943). It was
drawn directly on a 1931 edition of a United
States Geological Survey (USGS) topographic

quadrangle, which had been surveyed in 1 887 and
first published in 1893. Aerial photographs were
not used. When finalized, the VTM map was cut

into 16 sections (tiles) and glued to a canvas
backing in blocks of four tiles, with spaces

between the tiles where the map could be folded

when taken in the field, which protected the maps
from data loss along the creases.

Walker's dissertation (2000) indicated that

bringing the VTM vegetation maps into align-

ment with modern topography would be time-

intensive. Therefore, we used a different ap-

proach: to produce a VTM map to the level of
spatial accuracy at which it was originally

produced. Since the base topographic map upon
which the VTM was drawn was surveyed at the

turn of the century, we would reproduce the

VTM map to those standards and not add the

additional step of warping the image to get it to

conform to later, improved, topographic accura-

1
cy. There were several reasons for selecting this

I approach. First, there was concern about intro-

ducing change to vegetation area estimates as the

historic map would need to be warped to modern
topography. Also, we were less concerned with
identifying what change had happened on any

100 m^ than in assessing change in dominant
vegetation across the whole 2400 km- represented

on the quadrangle. Future research can apply the

additional processing required to replicate Walk-
er's approach from our product, should that level

of detail be needed, and funds are available.

Each of the 16 VTM tiles composing the

original VTM map was scanned on a flatbed

scanner at a 300 dots per inch (dpi) resolution.

This produced 16 20-megabyte images. To
assemble these tiles in a georeferenced manner,
the first step was to register each vegetation tile

onto a copy of the original topographic map.
Thus, we obtained a scanned version of the 1931

USGS topographic quad (sheet scanned at the

UC Santa Barbara, Alexandria Digital Library at

300 dpi), the same topographic quadrangle
edition used by the VTM mapping crew.

Base Topographic Map Registration

The original projection of the USGS base

topographic map is polyconic and uses Clarke's

spheroid of 1866, map standards used by the

USGS between 1886 and the late 1950's (U.S.

Department of Commerce, Coast and Geodetic

Survey 1917; Snyder 1982). This projection,

which runs a meridian through the center of a

map, was used because of its high level of

precision on any given quad, although the

assembly of multiple quads leads to high levels
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of distortion. USGS field survey crews were able

to construct such polyconic maps in the field, on
which they recorded the topographic features

(Gannet 1904; Beaman 1928). Using ERDAS
IMAGINE (Leica Geosystem 2004), the scan of
the USGS topographic quadrangle was trans-

formed into polyconic projection using 16 control

points placed at the intersections of the quad's

latitude and longitude reference lines.

VTM Tile Registration

We re-assembled the VTM map to a single

image by using ERDAS IMAGINE to register

each of the 16 digital VTM tile images to the

scanned topographic base map, using nine

control points per tile. These control points were
selected from features common to both maps,
such as text, road intersections, and contour lines.

Vectorization and Polygon Attribution

Once the digital topographic base map and
VTM tiles were in their native projection, it was
possible to trace vegetation polygon boundaries.

Several semi-automated vectorization techniques

were tested, but these were not efficient due to the

large number of other line features, such as

elevation contours, on the map. Supervised image
classification techniques also proved unsuitable

as the coloring on the VTM tiles was smeared or

deteriorated. We therefore used heads-up digitiz-

ing, using a Wacom Cintiq 21UX digitizing tablet

(Wacom 2004), a LCD flat screen that permits

the use of a digital pen to draw lines. Used in

streaming mode, the pen assigns multiple vertices

as a line is drawn. Linework was traced from the

digital images at a resolution of 1:7000 or finer, a

scale at which the thickness of the line being

produced was equal to the lines being traced. The
line production required that every dot in the

dotted lines demarking vegetation polygons be
intersected by the hand-drawn line. Once a

shapefile of the linework was completed, poly-

gons were built, and attribute columns added
(ESRI 2004). Species codes written in each
polygon were recorded in the order in which
they appeared.

We used a species crosswalk (G. F. Hrusa,
Senior Plant Taxonomist, CDFA, personal com-
munication) to convert VTM-era species names
to current scientific nomenclature (all authorities

from Hickman 1993) for each species code on the

map. Once the VTM species codes were entered,

we used the ESRI ArcMap "Join" function to

assign modern species names to the map codes.

The resulting combinations of modern species

names were then assigned to vegetation alliances,

as documented in the Manual of California

Vegetation (MCV) classification system (Sawyer
and Keeler-Wolf 1995), and thence to California

Wildlife Habitat Relationships (WHR) types

(California Department of Fish and Game
2004). Spatial extents for each habitat type were
then developed.

The VTM maps record dominant species as

they occurred in each stand in order of percent

cover, according to a standard set of cover
thresholds specified in the VTM field methods
manual (Wieslander et al. 1933). This recording

of dominant species in whatever combinations
they occurred provides data that can be translat-

ed into multiple classification systems. VTM
polygons labeled with a single dominant species

contain a minimum cover of 80% for that species.

A polygon attributed with multiple species

specifies each co-dominant cover at least 20%
of the polygon. Species in VTM polygons can be
grouped in one of four recognized growth form
strata: trees, shrubs, herbs and grasses. Species

from these classes can co-occur or be separated

when classification to vegetation type is assigned.

One or two vegetation types occur in VTM
polygons. Polygons with two types (mosaic
polygons) contain contrasting growth forms,

whose component sub-stands were either smaller

than the minimum mapping unit, or in such a

complex spatial pattern as to be impractical to

map individually. In the case of a mosaic
polygon, a species was listed if it covered a

minimum of 20% of the mosaic sub-component,
rather than 20% of the entire polygon. Mosaic
polygons were labeled with species codes in a mix
of horizontal and vertical orientations, so that the

component vegetation types could be identified in

a mosaic type. Unfortunately, the relative cover

of each component type was not indicated in the

attribute label. Consequently, we assigned the

area of vegetation in mosaic polygons, with

primary types receiving 2/3 and secondary types

1/3 of a polygon's area.

The VTM vegetation maps contain a large

number of unique species combinations. To
crosswalk these combinations to MCV alliances,

we used the dominant species and disturbance

information listed in each VTM map polygon,

together with the MCV type descriptions and our

knowledge of California vegetation patterns. We
developed a set of rules to determine whether a

polygon's vegetation was a mosaic or a single

unit:

1) Grass was included in woodland types, but

excluded from chaparral, forming a mosaic

vegetation component when found with

chaparral types.

2) In most cases, if conifers were present with

oaks, oaks were assumed to be subdomi-

nants.

3) Riparian species were always considered a'

secondary type with other dominants when
co-occurring.
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4) Shrubs were assigned to (or excluded from)

dominant conifer classes depending on
disturbance, the species of shrub, and
known general canopy density of the

dominant trees. Generally, upper elevation

conifer types include shrubs as sub-compo-
nent (e.g., Arctostaphylos patula, Ericaceae),

while the lower elevation pine types (all

Pinus sabiniana, Pinaceae) exclude shrubs.

5) Species in the genus Quercus found in

recently disturbed, chaparral shrub-domi-

nated polygons were included as chaparral.

If no disturbance was indicated, then

chaparral and oak tree species were broken
into mosaic types.

The MCV vegetation types were then cross-

walked to WHR types, using a defined crosswalk

from California Department of Fish and Game
(2004). The WHR classification is based on
physiognomic characteristics associated with a

named dominant plant species, creating a habitat

type often used to model vertebrate distributions

in CaHfornia.

Registration and Map Accuracy Assessment

Root mean square (RMS) error in meters was
calculated for the process of registering VTM tiles

to the topographic base map. Line vectorization

RMS error was assessed by comparing the drawn
lines to the registered VTM tiles. An estimate of

RMS error to modern topography was calculated

by registering 73 road locations to a modem
digital coverage of roads (U.S. Department of

Commerce 2001).

I

Comparison to Modern Maps

Two modern digital vegetation maps were
available for comparison: the California Gap
Analysis vegetation map (Davis et al. 1998), and
the 1996 CALVEG land cover map (Schwind and
Gordon 2001). We did not use the Gap Analysis

vegetation map since many of its polygon
attributes were derived from VTM maps. The
CALVEG vegetation map source is independent,

as its attributes were derived directly from 30 m
I

resolution satellite imagery. CALVEG land cover
classes are delineated through an automated
process that is regionally calibrated and which
produces 1 ha minimum size polygons labeled

with WHR class land cover attributes.

Both VTM and CALVEG maps were re-

projected to Albers Equal-Area projection, and
the CALVEG map was clipped to the extent of
the Placerville quadrangle. The vegetation type

extent on each quad was summed by WHR type.

Prior to comparison with the VTM map, the high
polygon density in the CALVEG map was
reduced by dissolving the borders between

adjacent polygons that had the same WHR
attributes.

Tabular summaries of WHR extents on each

quad were compared in a non-spatial context to

determine the major trends of land cover change.

A graphic illustration of that change was
produced by intersecting the maps, but the area

extent reported represents independent measures
of each map. We analyzed land cover change at

the scale of the entire quad, developing a table

showing the historic and current extent of each

WHR type.

Results

VTM Map Processing

The VTM map covers 2408.8 km^ and ranges

from 200 m elevation in the southwest corner, on
the Cosumnes River, to 1627 m in the northeast

corner near Devil Peak and the Rubicon River.

The registration of the topographic base map
yielded a 7.4 m root mean square (RMS) error

for control point error. The registration of the

VTM tiles onto the base topographic map yielded

a RMS error of 2.0 m. Therefore, geographic

registration of the VTM map to the historic

topographic map was completed with a RMS
error <10m. Comparison of the base topo-

graphic map to the modern digital roads map
(U.S. Department of Commerce 2001), generated

a RMS error of 263 m, indicating that by
comparison to modern topography, any given

point on the base map could be off by that

amount.

VTM Map Content

The VTM mappers recorded 3422 polygons

covering the 30-minute Placerville quad. The
mean polygon size was 70.4 ha, with a standard

deviation of 268.5 ha, minimum size of 5.8 ha
and maximum size of 10,850 ha (Table 1). VTM
mappers identified 59 species, one genus, two
habitat types (Grass and Wet Meadow), and five

non-vegetated or human-altered land cover

classes (Table 2). One species code, thought to

be a grass based on the colors in the legend, was
not identified. It occupied 5.8 ha.

The VTM map contained 484 unique combi-

nations of species that formed 45 MCV types.

Those combinations were reduced to spatial

extents for 25 WHR types (including "Un-
known," which consisted of unreadable or

untranslatable codes from the original maps;
Table 3 and Fig. 2). WHR type Ponderosa Pine

(dominant species, Pinus ponderosa) was the most
broadly distributed WHR type (and species) on
the map, occupying 36.9% of the landscape as the

primary dominant tree, and occurring in several

other WHR types as a secondary species. It also
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Table 1. Polygon Numbers by Size Class for
THE 1934 Wieslander Map (VTM) and the 1996

CALVEG Maps. Note the large difference in number
of polygons, between the two sampling approaches.

Polygon
Number of polygons

size class (ha) VTM CalVeg

yj—u . z.J 1
1 0\J

U.J yj

1
1

At U 1

z QA JJD /

A J JO
co 9781

1 ft1 KJ JJO 1848

32 577oil 939
64 470 478

256 236 95

512 119 53

1024 46 25

2048 25 10

4096 4 5

8192 1 1

16,384 1 0

32,768 0 0

Total 3422 13,812

Mean (ha) 70.4 17.4

Median (ha) 18.6 3.7

Standard Deviation (ha) 268.5 262.9

Minimum (ha) 0.1 0.252

Maximum (ha) 10,850.80 27,040.30

occupied the most polygons, occurring in 20.8%
of all map units.

Quercus douglasii and P. sabimana, species that

occupy lower elevation foothills, occupied 13.4%
of the landscape, appearing in three WHR types,

Blue Oak Woodland, Blue Oak-Foothill Pine, and
Foothill Pine (this last is a WHR class we created).

Chaparral types occupied 13.2% of the landscape

(including WHR type Closed-Cone Pine-Cypress);

conifer types 52.3% (including the species P.

ponderosa), and upper elevation hardwoods
9.4% (WHR types Montane Hardwood and
Montane Hardwood-Conifer). The WHR type

Annual Grassland occupied 8.1% of the land-

scape, and 2.5% was either urban or agriculture

(WHR types Urban or Cropland; Table 3).

Of 3422 VTM polygons, 218 had a secondary

vegetation type. Secondary types were predomi-
nantly chaparral types when conifers or hard-

woods were the dominant type, or grasslands,

when chaparral was the dominant type. The
extents assigned to secondary types were one
third of the area of the polygon they occurred in.

Those spatial extents (Tables 3 and 4) were
incorporated into the overall extents by WHR
type, and occupy a total of 78.5 km-. A total of

14.1% of the map's vegetation had recently been

logged or burned (Table 3), with early serai

Mixed Chaparral the most heavily represented

WHR type.

VTM-CALVEG Differences in

Mapped Vegetation

The CALVEG map identified 21 WHR types

on the Placerville quad. It contained 44,630
polygons, which we reduced to 13,812 by
dissolving borders between polygons with the

same WHR class. The modified CALVEG
coverage had an average polygon size of
17.4 ha with and a standard deviation of
262.9 ha (Table 1).

The difference between the VTM and CAL-
VEG WHR extents totals 1049.7 km^ or 42.1%,
of the dominant land cover (Table 4). The largest

WHR type increases were in Montane Hardwood
(498.0 km-), Douglas-Fir (210.2 km^), and Mon-
tane Hardwood-Conifer (169.7 km^). Annual
Grassland increased by 50.6 km^. Losses of

WHR types were greatest for Ponderosa Pine,

which decreased by 64.9%, losing some
570.4 km- (Fig. 3c), and Blue Oak-Foothill
Pine, which lost 92.5% of its extent, 161.9 km^
(Table 4).

Anthropogenic development of 42.8 km- of

residential and ll.Skm^ of man-made lakes,

represent complete type conversion (habitat loss)

of 2.3% of the region. Cropland decreased by
41.8 km- (1.1% of the region), suggesting some
urban development may have gone onto cropland

rather than into native vegetation.

There are two elevational patterns to the

change, which generally conform to major
elevation bands of vegetation found along the

western flank of the Sierra Nevada. At lower

elevations, below 700 m, Annual Grassland
expanded, and low elevation hardwoods and
conifers, particularly Blue Oak Woodland and
Blue Oak-Foothill Pine, contracted (Figs. 3a, b).

Above 700 m, Ponderosa Pine contracted while

Montane Hardwood, Montane Hardwood-coni-
fer and Douglas-Fir expanded (Figs. 3c, d).

Six condensed WHR types (Table 4, lower

section, WHR types assigned to each group listed

in parentheses) portray a slightly different view of

the landscape. There was a decrease of 16.5 km^
(85.2% of the type's extent) for Riparian habitats,

a decrease of 385.1 km^ of Conifer types, an
increase of 667.7 km- of Upper Elevation Hard-
wood, and decreases of 156.6 km^ of Lower
Elevation Hardwood (including Foothill Pine),

;

and 1 77 km^ of Chaparral. Working Landscapes
;

(grasslands and agriculture) increased 25.1 km^.

Six WHR classes mapped by the VTM survey

were not present in the CALVEG map, and three

WHR classes mapped by CALVEG, were not in i

the VTM (Table 4).

Discussion

The two possible over-arching reasons for the

observed change are 1) map-based errors, in
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Table 2. Species Identified in the Wieslander
VTM Placerville Quadrangle. Wieslander vegeta-

tion mappers identified 59 species (Authorities Hickman
1993), one genus, two habitats and five land cover

classes on the 2408 km- of the Placerville quadrangle.

Species

Abies concolor

Acer macrophyllwn

Adenostoina fasciculatum

Aescidus californica

Aira caryophyllea

Almis rubra

Arctostaphylos luanzanita

Arctostaphylos mewukka mewukka
Arctostaphylos nissenana

Arctostaphylos patula

A rctostaphylos viscida

A vena barhata

A vena fatua

Bromus carina tus carinatus

Bronnis diandrus

Bromus hordeaceus

Calocedrus decurrens

Ceanothus cordulatus

Ceanothus cuneatus

Ceanothus integerrimus

Ceanothus leucodermis

Ceanothus parvifolius

Ceanothus spinosus

Ceanothus tomentosus

Cercocarpus betuloides

Cercocarpus ledifolius

Chamaebatia foliolosa

Cupressus macnabiana
Eriodictyon californicum

Erodium cicutarium

Heteromeles arbutifolia

Hypericum perforatum
Lithocarpus densiflorus

Lithocarpus densijlorus echinoides

Pellaea mucronata
Pinus attenuata

Pinus contorta murrayana
Pinus jeffreyi

Pinus lamhertiana

Pinus monophylla
Pinus ponderosa
Pinus sabiniana

Prunus emarginata

Pseudotsuga menziesii menziesii

Pteridium aquilinum pubescens
Quereus berberidifolia

Quercus chrysolepis

Quercus chrysolepis nana
Quercus douglasii

Quercus durata

Quercus kelloggii

Quercus lobata

Quercus wislizeni

Quercus wislizeni frutescens

Toxicodendron diversilobum

Trifolium variegatum

Umbellularia californica

Vulpia myuros hirsuta

Table 2. Continued.

Species

Genera and Physiognomic Types

Salix sp.

Grass
Wet Meadow

Unidentified Code

He
Land Cover Types
Barren

Cultivated

Residence

River

Rock

which case the question is how the errors were
introduced; and 2) the dominant vegetation has

changed, in which case the question becomes
what are the drivers of the change. If the changes
are due to map-based errors, those could derive

from the processing of the historic data, vegeta-

tion type classification errors, or inaccuracies in

the historic or modern maps. If the changes are

real, they could be due to a variety of drivers,

including human activity, climate, and their

combined effects on fire, succession, and disease.

This discussion reviews the possible sources of

error first, followed by consideration of the

measured vegetation change.

Potential Map-Based Errors

There has been much discussion of the

accuracy of the VTM survey (Keeley 2004; Kelly

et al. 2005; Kelly et al. 2008), and a legitimate

question is to what degree can we rely on these

maps to portray historical conditions? Two
possible sources of error in the maps are

registration error, due to inaccuracies in the

topographic base map on which the VTM maps
were drawn; and classification error, in which
species combinations from the VTM maps are

not correctly interpreted, or are not comparable
to the CALVEG use of the WHR classification.

The largest source of spatial error we could detect

in the VTM vegetation maps comes from the

underlying topographic maps, rather than from
the vegetation mapping itself We avoided geo-

registration issues that would be introduced by
intersecting the maps from the two time periods,

through tabular compilation of the vegetation

type extents from each time period and compar-
ison of the resulting tables. This did not permit us

to follow the progression of change at any given

location, but the overall extents of each vegeta-

tion type within the study area were comparable.

However, we present map overlays to help

visualization of where the change for some
habitat types occurred, and to illustrate the
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Fig. 2. The extent of California Wildlife Habitat Relationship landcover types on the Placerville quadrangle in

1934. We classed the historical species distributions mapped by VTM field crews into 25 Wildlife Habitat Types.
The original map (insert) has the species codes used to identify the WHR types written in each polygon.
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largest patterns of land cover change. A rough

estimate of the spatial registration errors is

therefore of interest. The RMS error developed

from registering the topographic base map to the

digital roads map (U.S. Department of Com-
merce 2001) was 263 m. If we assume the spatial

error to be spread equally among vegetation

types, this approach permits an estimate derived

by buffering VTM polygon boundaries with the

RMS error, that 700 km- (34%) of the map is

spatially precise. From a sampling perspective,

34% of the landscape is sufficient to capture the

dominant trends. Note that in many areas of the

map, the registration was considerably better

than the average error.

The taxonomic component of the Wieslander

surveys is the other potential source of error.

However, this error is not likely to have been

introduced by the VTM mappers themselves. The
Placerville VTM map is floristically remarkable

in its scope and detail. Wieslander wrote,

"... the reliability of all future assumptions and
conclusions to which any analysis of the VTM
data may lead is dependent directly upon the

character and quality of the field work.
Therefore it is of utmost importance that this

phase of the job be done strictly according to

the rules set up and with consistency in their

application." (Wieslander 1933).

Accordingly, the species recorded are likely

correct. Error would more likely be introduced in

the classification of species to MCV and WHR
types. However, the VTM species lists and color

codes on the VTM map allowed for rule-based

crosswalking of the component VTM species into

modern, pre-delined, classifications.

Classification error may also enter where the

cover thresholds used to define CALVEG types

differed from those used to define species in the

VTM maps. CALVEG assigns transitions from
grass to shrub, shrub to hardwood, and hard-

wood to conifer if >10% of the polygon contains

the taller type, as opposed to >20% of a polygon
being occupied by any co-dominant for a species

to be listed in the VTM system. This generally

means that a loss by a taller type to a shorter type

is a conservative measure, whereas a gain in a

taller type at the expense of a shorter type is less

certain. For example, some of the measured loss

of chaparral between time periods may be due to

CALVEG classification of VTM Chaparral areas

as hardwood. However, oaks commonly establish

in chaparral, and so this potential error cannot be
definitively identified because succession may
actually be causing oak types to overtop chapar-
ral on parts of the landscape. The large amount
of the WHR type Montane Hardwood on the

1 landscape is potentially partially due the CAL-
VEG classification, which would favor this type.

if only 10% of a brush field was in oaks that were
discernable.

The indicated loss of conifers is particularly

important to consider from the classification

perspective. The loss appears real because the

CALVEG map assigns conifer classes to less

dense conifer stands than the VTM map.
Therefore, the contemporary map is biased to

producing more area in conifer than the VTM
map, meaning a change showing reduction in

conifers is more likely to be real. Since this is the

biggest change on the landscape, we are confident

it is real, where the shifts indicated in chaparral

types are more problematic.

Land Cover Change

Loss of Q. douglasii extent (WHR types Blue

Oak Woodland, Blue Oak-Foothill Pine, and
Foothill Pine) and increase of grasslands (WHR
type Annual Grassland) were the dominant
trends at low elevation. The loss of Q. douglasii

is also a transition from larger to shorter

vegetation, making the estimate of change a

conservative one. Potential explanations for these

land cover changes include grazing, which
impacts Q. douglasii recruitment (Hall et al.

1992) and which, in combination with pressure

from wood cutting, contributes to Q. douglasii

conversion to grassland. El Dorado County,
which occupies most of the Placerville quad, has

also experienced rapid population growth (10.6%
between 2000 and 2004), with consequent devel-

opment of low density rural residential areas

(United States Census Bureau 2006) that could

affect lower elevation vegetation. Chaparral types

associated with lower elevations showed a reduc-

tion in extent, which have potentially transitioned

to Montane Hardwood or Montane Hardwood
Conifer.

The second major pattern of land cover change
was at upper elevations, where the extent of P.

ponderosa-domm?LiQd areas (WHR type Ponder-

osa Pine) was reduced by 64%, a loss of 570 km-
(23.7% of the whole map). Pinus ponderosa areas

were replaced by WHR type Montane Hard-
wood, whose dominant species is defined as

Quercus ke/Ioggii, Fagaceae, by WHR type

Montane Hardwood-Conifer, where Q. keJloggii

mingles with emerging conifers, and by WHR
type Douglas-Fir (Fig. 3c for Montane Hard-
wood-Conifer, 3d for Montane Hardwood).

There are several possible explanations for the

changes in the upper elevations. First, since Q.

kelloggii is a subdominant tree under conifers,

particularly P. ponderosa, the measured increase

in hardwoods could be due to the loss of the

conifer overstory canopy, where the understory

remained in place. Second, all the oak tree species

at this elevation stump sprout, and are often

found co-mingled with chaparral shrubs. Hence,
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Gained (1996)

Historic Remaining (1996) w

Historic Lost (1934)
Kilometers

Fig. 3. The major changes in the WHR extents on the Placerville quadrangle between 1934 and 1996. Changes in

WHR habitat types fall into distinct elevation zones. At lower elevations. Blue Oak Woodland and Blue Oak-

Foothill Pine (3a) were gready reduced, while Annual Grassland and Cropland increased (3b). At mid elevations,

Ponderosa Pine, the lowest growing of the Montane WHR conifer-dominated types, showed the greatest reduction

(3c; red indicates Ponderosa Pine WHR type lost over time, blue indicates historic extent remaining and green the
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some expansion in hardwoods could be the result

of succession, where oaks in brush fields follow-

ing fire or clear cutting of conifers overtop the

shrubs they are growing with. The numbers
suggest some of this is occurring due to

decreasing chaparral extents. This pattern of

lower P. ponderosa replaced by oaks was also

observed in 1934, when (Weeks et al. 1934)

estimated that the coniferous belt had previously

(in 1850) extended as low as 305 m, but had
retreated greatly uphill by the time of his survey.

While P. ponderosa has been replaced by
hardwoods at lower elevations, it has been

replaced by Pseudotsuga menziesii var. menziesii,

which has grown into it at higher elevations,

changing the WHR type (Fig. 3c).

Two overlapping processes may be driving

pattern on this landscape: disturbance, which
removes structure and vegetation types; and
subsequent succession with potentially altered

pathways reflecting new climatic and disturbance

regimes, where a distinct change in potential

vegetation is manifested as a different vegetation

type in the current map, from what was present in

the 1930''s. Succession may not ultimately result

in the re-establishment to the vegetation mapped
in the 1930's, or it may take longer to return to

the historic type due to climatic shifts. Temper-
ature measurements from nearby Placerville

indicate that minimum monthly temperatures

there have been warming at the rate of 0.089"

Cyr ' (R- = 0.71, P < 0.001) between 1960 and
2000 (data from National Climate Data Center

2005). Such a shift could potentially contribute to

vegetation change by making re-establishment

conditions post-disturbance less suitable for prior

vegetation, or make the time required for

successional regeneration longer, which in turn

increase the probability of another disturbance

before the historic type is reached.

Conclusion

This study demonstrates the utility and impor-
tance of historical vegetation maps. While their

development is technically challenging, the po-
tential insights that can be derived are of lasting

import. The Placerville VTM quadrangle con-
tains information of about 59 species, which is

better taxonomic resolution than any comparable
modern vegetation map. While there are legiti-

mate concerns over the use of VTM vegetation

maps to detect change, at least at the landscape
scale, they provide information available from no
other source. It is hoped that this presentation of
the map development methods and their appli-

cation will lead to interest in developing this data

for the remaining regions available in California.
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Abstract

A newly described local endemic species, Arctostaphylos ohloneana M.C. Vasey and V.T. Parker, is

found scattered within populations of another geographically restricted manzanita species,

Arctostaphylos glutinosa Schreiber, from the "Lockheed Chalks" area on siliceous shale ridges,

northern Ben Lomond Mountain, western Santa Cruz County. This species is found in at least four

scattered occurrences within the distribution of A. glutinosa on private property owned by the

Lockeed Martin Corporation at the end of Empire Grade Road. Arctostaphylos ohloneana

superficially resembles A. pungens and A. manzanita, but it presents distinctive characters that

separate it from these two species. Unlike the tetraploid A. manzanita, A. ohloneana is diploid, and it

lacks the distinctive nascent inflorescence of A. pungens. Since neither A. pungens nor A. manzanita

occurs in the Santa Cruz Mountains, A. ohloneana is all the more remarkable by virtue of its

distinctiveness compared to other nearby species.

Key Words: Arctostaphylos, Arctostaphylos ohloneana, central California coast, endemism, Ohlone
manzanita, Santa Cruz Mountains.

During the past 150-plus years, over 100 taxa

in the shrubby genus Arctostaphylos have been
recognized by a wide array of authors ranging

from Arctostaphylos uva-ursi (L.) Spreng. origi-

nally described by Linnaeus in 1700 to recent

descriptions of new species, Arctostaphylos gabi-

lanensis V.T. Parker and M.C. Vasey (Parker and
Vasey 2004) and other new taxa (Keeley et al.

2007; Parker et al. 2007). The vast majority of

manzanita taxa (—93%) are situated in California

(Markos et al. 1999; Wells 2000; Boykin et al.

2005) where they exhibit an array of different

habits (prostrate to arborescent shrubs) and
occupy a wide diversity of habitats on nutrient-

limited soils that are distributed in many different

geographic settings. Although Arctostaphylos

fossils date back to the middle Miocene (Stebbins

and Major 1965; Raven and Axelrod 1978;

Edwards 2004), diversification within Arctostaph-

ylos is hypothesized to have occurred in the

relatively recent past (Stebbins 1971; Raven and
Axelrod 1978), perhaps as recently as the latest

Pleistocene and Holocene. Various processes

have most likely interacted in driving this

remarkable radiation. Recent cHmate fluctuations

(Raven and Axelrod 1978), intensifying fire

regimes, evolution of the obligate seeder life

history (Wells 1969; Keeley and Zedler 1978;

Parker and Kelly 1989), and hybridization

between species are likely to have played signif-

icant roles (Wells 2000). Concentrations of

manzanita endemism along the summer fog-

moderated Cahfornia coast (Cody 1986; Keeley

1992) suggest that a favorable water-energy

balance may also be important (Richerson and
Lum 1980; O'Brien 1998; Francis and Currie

2003). In this paper, we recognize a local endemic
Arctostaphylos species from a fog-influenced

coastal area in the Santa Cruz Mountains.

The Ohlone Manzanita

In the late 1980s, Randy Morgan, a consulting

biologist, discovered an undescribed manzanita
while surveying a unique area of private property

owned by the Lockheed Corporation called the

"Lockheed Chalks" located at the end of Empire
Grade Road about 3 km southwest of Eagle

Rock on Ben Lomond Mountain in western

Santa Cruz County (Fig. 1). The property

encompasses several hundred acres of siliceous

shale ridges that constitute the watershed divide

between the Scott Creek, Mill Creek, and Boyer
Creek drainages that lead into the nearby Pacific

Ocean approximately 6 km away. Ridgecrests at

the Lockheed Chalks are dominated by a

knobcone pine-maritime chaparral community
that grades into redwood-tan oak forest in the
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Fig. 1. Locations for four known occurrences of Arctostaphylos ohloneana. Total population is found within

4 km^ area on private property owned by Lockheed Martin Corporation at the northern end of Ben Lomond
Mountain on Monterey shale ridges that drain into the Scott Creek watershed. Populations are at an elevation of

about 500 m within 6 km of the ocean.

upper arroyos (Fig. 2). The chaparral component
of this area is rich in manzanita species, including

Arctostaphylos Crustacea Eastwood subsp. crinita

(Gankin) V.T. Parker, M.C. Vasey, & J.E.

Keeley, A. andersonii Gray, A. sensitiva Jepson,

and the local endemic, A. glutinosa Schreiber.

Morgan was surprised to find yet another
manzanita mixed into this chaparral that is

highly distinct from the other four taxa. As he

continued his survey, he located two other small

occurrences of the new manzanita in disjunct

stands removed by several hundred meters from
one another and well integrated into the local

plant assemblage.

Although difficult to access, the Lockheed
Chalks is well known to manzanita savants

because it is the type locality of Arctostaphylos

glutinosa Schreiber, originally described by Beryl

O. Schreiber based on a visit to this site in 1939
during a Weislander Vegetation Type Map
project field survey sponsored by the U.S. Forest

Service (Schreiber 1940). Two original photo-
graphs of the site (#2145 and #2146) taken
during this survey are available on-line at http://

www. lib.berkeley.edu/BIOS/vtm/search .html . Al-
though a small stand of A. glutinosa extends
beyond the Lockheed property limits onto the

Swanton Ranch west of Lockheed (Roy Buck
and Jim West, personal communication), the vast

majority of the population is confined to the

upland shale ridges encompassed by the Lock-
heed property.

Morgan contacted us to seek our interpretation

of this manzanita. We were able to visit the

Lockheed Chalks property on February 10, 1993.

Morgan guided us to three local populations, and
we examined individuals within these populations

and, with the permission of Lockheed, made
collections of flowering and vegetative material.

Since our first visit, we have returned to this site

on additional occasions to collect fruiting and
nascent inflorescence material of Arctostaphylos

ohloneana, to collect buds for chromosome
analysis, to search for other populations, and to

show the species to Jon Keeley, an Arctostaphylos

expert from southern Cahfornia. Keeley agreed

that, despite the superficial similarity between the

new manzanita and A. pungens Kunth., the

distinctive nascent inflorescence character distin-

guishing A. pungens is absent in the new entity

(Fig. 3).

Immature buds of the new manzanita were sent

to Kristina Schierenbeck at California State

University Chico for a chromosome determina-

tion. Schierenbeck got clear resolution for a

chromosome count, which was determined to be

n = 13, the diploid condition for Arctostaphylos.

The diploid chromosome count further separates

this entity from other similar species, such as the

tetraploid A. manzanita, which occurs to the



Fig. 2. Habitat of Arctostaphylos ohionecma on siliceous-shales substrates in knobcone pine - maritime chaparral

assemblage. Four other species of Arctostaphylos dominate this shrub matrix including A. Crustacea subsp. crinita,

A. sensitively A. g/utiuosa, and A. andersonii.

interior in the Diablo Range, and north into the

North Coast Ranges, considerably distant from
the A. ohloneana population. Further, molecular

analysis demonstrates that A. ohloneana has a

distinctive ITS sequence that puts it in the smaller

of two ITS clades (Boykin et al. 2005; Wahlert
2005). We are still investigating candidate species

that are likely to be the closest living relatives to

A. ohloneana, but our preliminary view is that A.

ohloneana most likely represents a paleoendemic
species that has been able to persist in the

nutrient-poor Monterey shale barrens of north-

ern Ben Lomond Mountain.
Despite searches in the surrounding region, we

have not been able to locate any other popula-

tions of A. ohloneana other than one additional

occurrence on Lockheed Chalks property bring-

ing the total number of occurrences to four

(Fig. 1). Although relatively few in estimated

number (ca. 100 individuals), A. ohloneana is

variable in leaf size and habit, suggesting the

possibility of limited hybridization with adjacent

taxa. Surprisingly, Schreiber, the botanist with

the Vegetation Type Map project who described

A. glutinosa, did not notice this new manzanita
while sampling this area in 1939. On the other

hand, A. glutinosa individuals are far more
abundant than the new manzanita, and it is

conceivable that Schreiber would not have

discovered the much rarer new manzanita if it

were roughly as abundant throughout the Lock-
heed Chalks property in the late 1930's as it is

today (particularly since it tends to be located

down slope rather on the ridge crests). Accord-
ingly, on the basis of its distinctiveness, we are

recognizing the new manzanita from the Lock-
heed Chalks as Arctostaphylos ohloneana M.C.
Vasey and V.T. Parker.

Taxonomic Treatment of
Arctostaphylos Ohloneana

Arctostaphylos ohloneana M.C. Vasey and V.T.

Parker, sp. nov. - TYPE: USA, CaUfornia, Santa

Cruz County, northern Ben Lomond Mountain,
siliceous shale ridges located on slopes above Mill

Creek drainage as part of the Lockheed Martin
missile test site facility; 37°07 '09.65"N,
122°13'02.55" W, 515 m; February 10

, 1993,

Michael Vasey and Thomas Parker 0111 (holo-

type CAS; isotypes UC and SFSU). Additional

small populations occur at 37°06'56.50" N,
122°12'31.82" W, 500 m, 37°07'20. 1 8"N,
122°13'06.76" W, 528 m, and 37°05'59.5" N,
122°12'05.6", 451 m. Maritime chaparral associ-

ates include A. Crustacea, A. sensitiva, Adenos-

toma fasciculata, Ceanothus cuneatus, Vaccinium

ovaturn, Finns attenuata.
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Fig. 3. Arctostapliylos ohloneana in flower (a.) and with immature inflorescence (b.). Note the paniculate

immature inflorescence, the round-ovate leaves, glabrous pedicels, and scale-like bracts. Leaves are green with

stomata equally distributed on both leaf surfaces. Not shown are occasional long gland-tipped hairs found on twigs

that are otherwise covered by short, dense hairs.

Frutex erectus, 2-3 m. altus; lignotuber absens;

ramorum cortex levis, ruber; ramulorum tricho-

mata densa, brevia, et trichomatibus sparsa,

longa, glanduliferis; laminis foliorum late ellipti-

cis vel ovatus, circa 3 cm longis, 1-1.5 cm latis,

viridis, stomatibus aequalibus supra et infra,

apice plerumque mucronatis; inflorescentia pani-

culata plerumque 3-5 ramosa, laxa, pedunculus
planus, bracteae deltoidae, apiculus marcescens,

trichomatibus glanduliferis; pedicelH glabrescens,

corolla alba vel roseo-alba; ovarium glabrum;
fructus depressus-globosus, 5-8 mm diametro,

glaber, aurantiaco-ferrugineus; pyrenae librae.

Erect to spreading shrub, 1-2 m high; stems
with burl absent; bark red-brown, smooth; twigs

covered in short, dense non-glandular hairs often

with occasional long, gland-tipped hairs; leaves

green, surfaces alike, stomata equally dense on
both surfaces, leaf surfaces sparsely short pubes-
cent; ca. 3 cm long, 1-1.5 cm wide, elHptic to

round-ovate in shape, tips mucronate, base
rounded; petioles prominent, ca. 5 mm long;

immature inflorescence 3-5 branched open panicle

with somewhat flattened peduncles supporting
terminal clusters of buds subtended by scale-like,

appressed to mildly spreading, awl-shaped, mar-
cescent bracts 1-2 mm long; bracts sparsely

cihate with some gland-tipped hairs; flowers
conical-urceolate, whitish-pink supported by gla-

brous pedicels; ovary glabrate, base of anther
filaments glabrous; fruit depressed-globose, red-

dish-brown, 5-8 mm wide, pyrenes separable;
n=13 (per K. Schierenbeck).

The specific epithet honors people of Native

American Ohlone ancestry who occupied the

Santa Cruz Mountains before European coloni-

zation. We also honor the memory of C.H.
Merriam, a pioneering ecologist who defied the

nomenclatural tradition of his time by naming
two species of manzanitas, A. mewukka and A.

nissenana, in honor of Native American people he

observed during his travels in the late 1800's.

Table 1 provides a comparison of A. ohloneana

morphology with three species to which it has

been tentatively assigned in the past. Note that A.

ohloneana is somewhat intermediate between A.

manzanita C. Parry (a widespread arborescent

shrub of the inner northern Cahfornia coast

range and Sierra Nevada foothills) and A.

pungens (a widespread multi-stemmed shrub of

the interior mountains of southern California,

Arizona, Baja Cahfornia, and mainland Mexico).

It is quite different from the nearby A. hookeri G.
Don in southern Santa Cruz and northern

Monterey. Morphologically, A. ohloneana is

more similar to A. manzanita than A. pungens,

particularly in terms of its leaves, immature
inflorescence and bracts. A unique character for

A. ohloneana is the occasional long gland-tipped

hairs that typically are found intermixed with

short dense hairs on its twigs.

Given the richly diverse assemblage of Arcto-

stapliylos taxa that occur in the Santa Cruz
Mountains south of the San Gregorio watershed

(central and southern region), we provide a key to

the manzanitas of this subregion that includes A.



242 MADRONO [Vol. 55

Table 1. Comparison between Arctostaphylos ohloneana and three representative species with similar

morphology.

A hnnl^/yfi

A nil]nviiynvin QiinQn vyinvi y/iviitn

Ploidy diploid tetraploid diploid diploid

Twig hairs occassional gland-tipped

hairs

no glandular hairs no glandular hairs no glandular hairs

Leaf Hue green green bright green green

Leaf Length 3^ cm 3-5 cm 2-3 cm 1.5^ cm
Leaf Shape eUiptic to round ovate ovate to obovate elHptic elliptic

Immature
Inflorescence panicle 3-5 branch panicle 5-7 branch raceme- 1 branch raceme- 1 branch

Floral Bracts appressed to spreading, appressed, keeled scales spreading, awl-tipped recurved,

awl-tipped scales scales awl-tipped scales

Fruit width 5-8 mm 8-12 mm 4—6 mm 5-8 mm

ohloneana and illustrates its distinctiveness com-
pared to other nearby Arctostaphylos taxa. The
geographic area covered is approximately 1000

square miles (2590 km^). Note that this relatively

small area includes twelve taxa of which five are

local endemics. Nomenclature follows the new
treatment of Arctostaphylos prepared for the 2°'*

Edition of the Jepson Manual.

Key to Arctostaphylos in the Central and Southern Santa Cruz Mountains

1 . Plants with burls or woody platforms, usually resprouting after a fire.

2. Leaves with upper and lower surfaces appearing different in color, hairiness, and stomatal

distribution; twigs typically with long stiff hairs and short dense tomentum.
3. Lower leaf surfaces glabrous or sparsely hairy

A. Crustacea Eastw. (Widespread member of chamise chaparral in the interior

uplands on the east side of the range from Castle Rock Ridge to Mt. Madonna) (Thomas 1961).

3' Lower leaf surfaces densely hairy, sometimes also upper leaf surfaces although less so (as on Ice

Cream Grade)
A. Crustacea subsp. crinita V.T. Parker, M.C. Vasey, J.E. Keeley (Locally abundant in maritime

chaparral on coastal uplands on west side of range from Butano Ridge south to hills near Soquel).
2' Leaves with upper and lower surfaces essentially alike, similar in color and hairiness, with at least half

as many stomata above as below; twigs short-hairy but lacking long stiff hairs

A. glandulosa Eastw. subsp. cushingiana Eastw. (Individuals from near the summit of Loma Prieta

Peak may key to this subspecies. Generally, A. glandulosa is not found in the Santa Cruz Mountains).
1

' Plants lacking burls or woody platforms, not sprouting after fire.

4. Plants with grey-hued leaves.

5. Leaves smooth and waxy, lacking hairs on either surface; fruits spheric with pyrenes fused into a

solid stone

. . .A. glauca Lindley (serpentine chaparral on southern and eastern interior foothills of range).

5' Leaves hairy on both surfaces, often densely; fruits depressed-spheric with pyrenes separable.

6. Leaf bases deeply lobed, apparently clasping twigs, twig and inflorescence hairs long and
tipped with glands A. glutinosa Schreiber (Local maritime chaparral endemic
of Lockheed Chalks growing on silicious shales on northern end of Ben Lomond Mountain).

6' Leaf bases rounded to cuneate, not deeply lobed, lacking long glandular hairs.

7. Ovaries and fruits lacking hairs

A. silvicola Jeps. and Weisl. (Local endemic of maritime chaparral on 'sand hill' Santa

Margarita sandstone formation in the southern part ofrange from Bonnie Doon to Felton).

7' Ovaries and fruits densely hairy.

8. Hairs on pedicels and ovaries lacking glands

A. canescens Eastw. (Southern disjunct popu-

lation in chaparral along granite ridges between Loma Prieta and Mount Madonna).
8' Hairs on pedicels and ovaries tipped with glands A. canescens subsp.

sonomensis (Eastw.) Wells (Several individuals of this subspecies were found intermixed

with main population along Summit Road in southern range near Loma Prieta Peak).

4' Plants with green-hued leaves.

9. Leaves with distinct basal lobes, +/- clasping twigs, petioles obscure, leaves oblong in shape, ca.

4-7 cm long A. andersonii Gray (Tall shrub to small tree in chaparral, often at forest

edges, local endemic of central and southern Santa Cruz Mountains, mostly in redwood zone).

9' Leaves with truncate or rounded base, petioles obvious, leaves oblanceolate, elliptic, or oval in

shape, less than 3 cm long.

10. Leaves with upper and lower surfaces different, dark green above, light green below, stomata

lacking on upper surface, flower parts (calyx and corolla) 4-merous
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A. sensitiva Jeps. (In maritime chaparral

on uplands near the coast in a variety of soil types, from Butano Ridge to Mount Herman).
10' Leaves with stomata distributed equally on both leaf surfaces, leaf-hue similar on each

surface, flower parts (calyx and corolla) 5-merous.

1 1 . Immature inflorescence generally a compact, globose raceme terminated by a cluster of

acuminate, spreading bracts; leaves bright green and lustrous; twigs lacking any long,

glandular hairs A. hookeri G. Don subsp. hookeri (A Monterey
Bay maritime chaparral endemic, found in the Santa Cruz Mountains only in the south-

western coastal foothills near Soquel, ranging farther south in low hills to Carmel Bay).

1
1

' Immature inflorescence a 3-5 branched open panicle with somewhat flattened peduncles

supporting terminal clusters of buds subtended by scale-like, appressed, awl-shaped bracts;

leaves dull green, not lustrous; twigs with occasional long gland-tipped hairs

A. ohloneana M.C. Vasey and
V. T. Parker (Local endemic of the coastal Lockheed Chalks in knobcone pine-maritime

chaparral at the northern end of Ben Lomond Mountain, western Santa Cruz Mountains).
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Abstract

A literature review and determination of specimens performed in conjunction with treatment

preparations for the Flora of North America North of Mexico and the second edition of The Jepson
Manual indicates that the names in use for two Arctotis species (Arctotideae: Asteraceae) occurring in

California need updating. Venidium fastuosum (Jacq.) Stapf, a rare escape from cultivation, should be

Arctotis fastuosa Jacq. (PI. hort. schoenbr. 2: 20, pi. 166; 1797) and A. venusta Norl. (Bot. Not. 118:

406-7; 1965) is the correct name for a naturalized species previously determined as A. stoechadifolia

P.J. Bergius.

Key Words: Arctotideae, Arctotis, Asteraceae, naturalization, Venidium.

The only members of tribe Arctotideae (Aster-

aceae) with established populations in North
America occur in Cahfornia and New Mexico
(Mahoney 2006). All are southern African species

introduced through horticulture. Among them,

only one species is potentially invasive; the others

range from occasional to naturalized garden

escapes with limited distributions. Munz and
Keck (1973) and McClintock (1993) treated four

species: Gazania linearis (Thunb.) Druce [G.

longiscapa DC], Arctotheca calendula (L.) Le-

vyns, Venidium fastuosum (Jacq.) Stapf, and
Arctotis stoechadifolia P.J. Bergius.

Naturalized populations of G. linearis (treasure-

flower) occur along roadsides, especially in urban
coastal areas of Santa Barbara and Los Angeles

Counties. Entities treated previously as Arctotheca

calendula (capeweed) (Munz and Keck 1973;

McClintock 1993) actually consist of two distinct

species. Arctotheca prostrata (Salis.) Britten is a

sterile perennial that spreads aggressively by
prostrate stems along roadsides and in other

disturbed sites in the North Coast (NCo), South
Coast (SCo), Central West (CW), and Western
Transverse Ranges (WTR) floristic province

subregions of California. Arctotheca calendula, a

fertile annual classified as invasive by the Cali-

fornia Exotic Pest Plant Council (Brossard et al.

2000), occurs in a few coastal and disturbed urban
habitats in the NCo, Central Coast (Ceo), and
Outer South Coast Ranges (SCoRO) subregions.

The present paper is confined to updating
names and identities of Venidium fastuosum
(monarch-of-the-veld) and Arctotis stoechadifolia

(blue-eyed African daisy).

Venidium fastuosum

The genus Arctotis is characterized principally

by achenes with three ± well-developed abaxial

wings that create one or two distinct furrows or

"cavities" (McKenzie et al. 2005). Venidium was
segregated from Arctotis by Lessing (1831, 1832)

based on the less well-developed achene wings,

the absence or extreme reduction of pappus
scales, and differences in achene pubescence.

Beauverd (1915) and Lewin (1922) found the

distinguishing characters used by Lessing unten-

able and transferred Venidium species into

Arctotis, but Stapf (1926) disagreed and trans-

ferred A. fastuosa Jacq. to Venidium. Use of the

name V. fastuosum has persisted in U.S. floral

treatments (Munz and Keck 1973; Liberty Hyde
Bailey Hortorium 1976; McClintock 1993; Quat-

trocchi 2000; Calflora 2007; USDA 2007).

A morphological study of achenes and initial

molecular analyses of subtribe Arctotidinae

(McKenzie et al. 2005, 2006; Funk et al. 2007)

support Beauverd's and Lewin's observations for

some of the species previously placed in Veni-

dium. Results from a larger molecular study of

Arctotidinae (McKenzie and Barker 2008) indi-

cate that although Arctotis s.l. is polyphyletic and
needs redefining, California's Arctotis species will

retain their names. Based on these new data, the

name Arctotis fastuosa Jacq. should be adopted

for the species previously known as Venidium

fastuosum.

Arctotis fastuosa is a hirsute to lanate, tap-

rooted annual with heads up to 10 cm in

diameter. Its rays are bright orange to yellow (a

white-rayed form is in cultivation), usually
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marked basally with a purple-black band; its

discs are yellowish-brown. The species is native to

the semi-arid, winter-rainfall Namaqualand re-

gion of South Africa. Stapf (1926) referred to A.

fastuosa as a weed of cornfields in its native

range, where it is now common on roadsides,

but in California it very rarely escapes from
cultivation and does not appear to have natural-

ized. We are not aware of the species being a

problematic weed in any country. McKenzie
et al. (2005) found that herbarium specimens

determined as A. fastuosa can be divided into

at least three distinct entities based on achene

morphology. We have been able to examine
achenes from two CaUfornian specimens {Fuller

8191, CDA; R. Whitaker s.n., RSA); in both,

achenes lack pappi, pubescence, and basal tufts

of hairs and are readily referable to typical A.

fastuosa.

Specimens examined. USA, CA, Riverside Co.,

Thermal, estabhshing itself, 10 March 1949,

Whitaker s.n. (RSA), 5.2 mi S of Beaumont,
roadside sand, 17 February 1960, Fuller 3609
(CDA); San Bernardino Co., San Bernardino,

NE of Central Ave. & 3'^'* St, Gate 5, Norden
AFB, waste ground, 11 April 1962, Fuller 8191

(CAS, CDA).

Arctotis stoechadifolia and A. venusta

During a 1939^0 study of Arctotis specimens,

Norlindh (1964) found that in the last revision of

Arctotidinae, Lewin (1922) had misinterpreted A.

stoechadifolia P.J. Bergius, a prostrate, mat-
forming perennial occurring in open sandy,

seasonally wet areas and stabilized dunes in the

southwestern Cape. Lewin applied this name to

an erect, tap-rooted annual occurring in a wider

range of habitats and with a broader distribution

in inland southern Africa (Norlindh 1964). The
native ranges of the two entities do not overlap.

Although Norlindh (1965) subsequently de-

scribed and named the annual species A. venusta

Norl., Lewin's interpretation has been adopted
widely. Arctotis venusta is a popular horticultural

plant and is often grown under the name A.

stoechadifolia, A. stoechadifolia var. grandis

(Thunb.) Less, or A. grandis Thunb. Sometimes
the names A. stoechadifolia and A. venusta are

treated as synonyms (Brickell and Zuk 1996).

Mahoney's (2006) FNA treatment maintained
the name A. stoechadifolia but commented on its

probable misuse. A full investigation subsequent
to preparation of that treatment and availabiUty

of further data have clarified the identity of the

Californian specimens.

Arctotis stoechadifolia and A. venusta are

morphologically distinct species (Norlindh
1964). Fresh plants cannot be confused. Arctotis

stoechadifolia is a mat-forming perennial that

produces long (up to ± 1 m), adventitiously

rooting, prostrate stems from which the erect

flowering shoots arise. Its ray florets are white or

pale yellow; its discs are black. The silver-grey

leaves have a dense, tightly appressed woolly
tomentum on both the upper and lower surfaces.

The outer involucral bracts have a rigid base and
a 4—7 mm long, acuminate, linear-cylindrical

apical appendage. The obovoid-obconical
achenes are densely tomentose and bear strongly

incurved, ± entire lateral wings that partially

conceal the abaxial 'cavities.' Arctotis venusta is

an erect, tap-rooted, summer-flowering annual.

Its ray florets are white with a narrow yellow

band at the base of the limb; its discs are a

distinctive greyish-purple. The leaves are usually

more thinly and loosely tomentose. The outer

involucral bracts have a soft base and a short, 1-

3 mm long appendage with a rounded or obtuse

apex. The oblong-obconical achenes are ±
glabrous to sparsely tomentose on the abaxial

and tangential surfaces and the oblong-obovate
cavities are obvious. Herbarium specimens can be

more difficult to distinguish due to faded fiorets

and missing lower-stem or below-ground parts,

but the differences in leaf pubescence, involucral-

bract and achene features allow discrimination of

the two species.

Our determination of CaUfornian specimens

from horticulture and naturally-occurring popu-
lations previously determined as A. stoechadifolia

confirms that they belong to A. venusta. No
specimens of A. stoechadifolia have been ob-

served. Norlindh (1964) noted that A. venusta is

weedy even in its native range, often occurring in

cultivated fields or along roadsides, while A.

stoechadifolia does not readily tolerate competi-

tion so that some populations have disappeared

due to urban sprawl and the planting of erosion-

preventing trees and shrubs. Wells et al. (1986)

classified A. venusta as a ruderal, agrestal and
pastoral weed in South Africa. Stated undesirable

characteristics include: that it may be poisonous

to stock, it taints milk, and is a crop-seed

contaminant. Arctotis venusta is predicted as

highly likely to become a weed, and further-

more to become an agricultural weed, in Aus-
tralia (Scott and Panetta 1993). It appears
that A. venusta has been cultivated in California

for at least 150 years but in that time has not

naturalized extensively. However, all but one of

the Californian specimens of A. venusta we
examined were collected before 1971; whether
this reflects its rarity or a lull in active collecting is

unclear. It is interesting that naturalized Califor-

nian populations of A. venusta occur in coastal,

sandy habitats that might be favored by A.

stoechadifolia, even though A. venusta is an
inland species occurring in rangeland habitats

far from the coast in its native range in southern

Africa.

The true Arctotis stoechadifolia has become
naturalized along parts of the coastline of
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Australia (Jeanes 1999; Rippey and Rowland
2004; Barker et al. 2005) due to its popularity as a

garden ornamental plant and its use as a dune
stabilizer. It inhabits the fore-dune through to

open sites in the protected hind-dune area, as in

its indigenous range in South Africa. The species

has been assessed to be a minor problem weed in

natural ecosystems warranting control at four or

more locations within a state or territory in

Australia (Groves et al. 2003). In parts of South
Australia, it has a high Weed Risk Assessment
rating, as the dense mats smother smaller

indigenous plants by shading and competition

for resources and can alter dune shape (Cording-

ley and Petherick, 2005). Therefore, if A.

stoechadifolia is cultivated in California we
recommend assessment of its weed risk poten-

tial and vigilance for naturalized plants to ensure

it does not become a problem species in

California.

Specimens examined. USA, CA, Los Angeles

Co., Glendora, Alosta Ave. at Glendora Ave.,

750 ft., dry roadside, 24 June 1933, Wheeler 1889
(CDA, RSA, UCR); [county name illegible,

probably Los Angeles], Ocean Park, sand lots

near beach, 2 August 1934, Cohen [?] 575 (RSA);
Orange Co., 2 mi NE of Huntington Beach near

N end of Bolsa Chica Salt Marsh, disturbed

roadside, infrequent escape, 25 July 1970, Hen-
rickson 5091 (RSA), Newport Bay, 10 ft., sandy
flat just back of high tide, 21 October 1933,

Wheeler 2224 (RSA); Santa Barbara Co., Santa

Maria, N side ofW Jones St E of S Curver [sic.

probably Curryer] St., naturalized in waste
ground, 21 May 1968, Fuller 17065 (CDA), Santa
Maria, 100 E Main, vacant lot, 22 September
1965, Jones & Allen s.n. (CDA), Lauro Canyon
Dam Project, roadside, 30 May 1952, Pollard s.n.

(CDA), Hwy between Santa Maria and Orcutt,

sandy soil along highway, 22 November 1960,

Smith 6332 (RSA, SBBG, UCR); Ventura Co.,

Ojai, Canada St., 12 July 1946, Pollard s.n.

(CAS).
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Abstract

Specimens (in FH and PC) of Cumathamnion sympodophyllum M.J. Wynne and K. Daniels

(Delesseriaceae, Rhodophyta) made by C. G. Pringle at Cape Mendocino, northern California in 1882

are the first known collections of this rare monospecific genus. A collection (US) made by E.Y.

Dawson from Trinidad Head, Humboldt County, and reported in 1965 as a "very compact, short-

bladed" form of Delesseria decipiens J. Agardh is re-determined to be C. sympodophyllum. Records of

C. sympodophyllum from Oregon, Washington, and British Columbia (Canada) are based on one
collection from British Columbia, which cannot be verified. This taxon is most likely restricted to very

exposed lower littoral rocky outcrops of Sonoma, Mendocino, and Humboldt counties in California.

Key Words: Cumathamnion sympodophyllum, biogeography, endemic, marine algae, Rhodophyta.

A recent visit to the National Museum
d'Histoire Naturelle, Paris (PC) allowed me to

find an interesting algal specimen held in the

Bomet and Thuret Herbarium. The specimen

[filed in the Pteridium folder as "106-2-7" with

the number "TA 21844"] bore the following label

data: '"Delesseria pleurospora Harv. Cape Men-
docino, Cal. leg. C. G. Pringle", and in a different

hand: "Farlow 1883" and "Herbarium G.
Thuret", with a handwritten note, apparently

by Bomet: "Je ne reconnais ni I'espece ni le genre

de cette algue." I next requested that staff at the

Farlow Herbarium check for any other material

of this Pringle collection in their holdings, and
they located one dated "1882" (Fig. 1). These
specimens, with densely congested branching that

is pectinately arranged in the final orders and
with thickened, fleshy (cartilaginous), denuded
primary axes, are clearly identifiable as Cu-
mathamnion sympodophyllum M.J. Wynne & K.
Daniels (Wynne and Daniels 1966), and they

represent the earliest known collection of this

taxon.

Cyrus Guernsey Pringle was one of the most
prolific plant collectors of all time, having
collected and distributed more than 500,000

specimens that he collected from the United

States, Canada, and Mexico (Davis 1936). In

1880, Pringle made his first trip to the Pacific

Slope, working as a botanical collector for the

American Museum of Natural History, making
general collections for Asa Gray, and exploring

the forests of the region for the United States

Census Department. He collected extensively in

the Pacific states and in Mexico between 1880

and 1909 (Stafleu and Cowan 1983). His biogra-

phy by Davis (1936) contains the diaries of his

collecting trips to Mexico (1885 1909) but not of

his earlier trips to California. However, according

to information at the on-line site Consortium of

Cahfornia Herbaria (http://ucjeps.berkeley.edu/

consortium/), Pringle collected in Mendocino
County during the first two weeks of August,

1882.

The record of Pteridium (or Delesseria) pleur-

ospora does not appear to have entered into the

algal literature for California or the Pacific coast

(Anderson 1891, 1894; Abbott and Hollenberg

1976). Delesseria pleurospora (Harvey 1855) was
described from New Zealand and was variously

transferred to Membranoptera (Kuntze 1891),

Pteridium (Agardh 1898), Hydrolapatha (Kuntze

1898), and Nitophyllum (Laing 1927). I regard it

as conspecific with Schizoseris dichotoma (Hook-
er f. et Harvey) Kylin, a species with a

distribution restricted to the Southern Hemi-
sphere (Papenfuss 1964; Ricker 1987; Ramirez
and Santelices 1991; Adams 1994).

In 1965 Ken Daniels and I were identifying

algal specimens that we had collected from
Mendocino City in northern Cahfornia and were

planning to describe some of our specimens as

representing a new genus and species. At that

time E. Yale Dawson, Curator of Algae at the

Smithsonian Institution, published a manual to

the marine algae of Humboldt County (Dawson,

1965). He had taught a course at Humboldt State

College [now Humboldt State University] that

summer, and it seemed possible that he may have

come across the same alga that we were
proposing to name as new to science. So on
October 25, 1965, I wrote to him, telling him that

our purported undescribed genus at first glance

resembled Delesseria decipiens but had a distinc-

tive sympodial development. I asked if he might

have obtained such an alga in his Humboldt
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Fig. 1. Ciimathamnion sympodophyllum. Collection

made by C. G. Pringle in 1882 from Cape Mendocino,
California. (FH).

County collections that were not yet determined

that matched our alga. He responded (October

29, 1965), saying that he had not come across

anything other than Delesseria decipiens and
Membranoptera multiramosa N.L. Gardner, "al-

though there is the possibility that something else

may have gotten into these collections unno-
ticed." As it turned out, that proved to be the

case. A few years later I was on a visit to the

Herbarium of the Smithsonian Institution check-

ing the collections of Delesseriaceae. In the folder

of Delesseria decipiens, I came upon material of

Cumathamnion sympodophyllum that he had
misidentified as D. decipiens, namely, a collection

from Trinidad Head, E.Y. Dawson 25297 (US).

Interestingly, in his manual under Delesseria

decipiens Dawson (1965, p. 39) referred to "some
very compact, short-bladed forms with coarse

axes occur on heavily beaten cliff faces at

Trinidad Head", while the label data include this

phrase: "An atypical form on heavily dashed cliff

face". The specimens are indeed very compact
and short but clearly represent C. sympodophyl-
lum.

Specimens Examined

U.S.A., California. Humboldt Co., Trinidad
Head, V4 mile north of the head opposite Coon
Island, 12 July, 1965, leg. Burnett = Dawson
25297 (US); about V2 mile west of Trinidad
Head, 12 July 1972, "on rocks w/in Postelsia &
Lessoniopsis'\ De Cew s.n. (HSC, MICH, UC
1601559). College Cove, north of Trinidad Head,
1 August 1975, De Cew s.n. (UC 1601560). North
Bidwell Point, Elkhead, Trinidad, 26 Sept. 1990,

\ De Cew s.n. (UC 1601557). Mendocino Co., Cape
Mendocino, 1882, C. G. Pringle s.n. (FH, PC);
Mendocino City, 4 June 1965, leg. Daniels,

McLaughlin & McLaughlin = Wynne 292

(MICH, UBC, UC); 30 July 1965, Daniels &
Wynne ( Wynne 430), Type collection: Holotype
(UC 1318217); isotypes (MICH, UBC); 6 July

1966, on rocks among Lessoniopsis littoralis,

Wynne 777 (MICH, UC, US); 2 June 1973,

Young 624 (AHFH 84533 in UC, MICH),
epiphytic on Lessoniopsis littoralis. Point Cab-
rillo, north of Mendocino City, 20 June 1974, De
Cew s.n. (UC 1601561). Fort Bragg, May 1988

(NCC). Sonoma Co., south side of Horseshoe
Cove, Bodega Marine Laboratory, July 1978, De
Cew s.n. (UC 1601558).

Collecting History

Cumathamnion sympodophyllum was first de-

scribed from a single locality, Mendocino City,

Mendocino County, CA. Waaland (1973) report-

ed it from "Botany Beach" [= Botanical Beach]

near Port Renfrew, Vancouver Island, British

Columbia, Canada. In their marine algal flora of
California, Abbott and Hollenberg (1976) re-

ferred to this taxon as "Rare, low intertidal,

Vancouver I., Br. Columbia; and on rocks

exposed to heavy surf, Mendocino Bay, Calif,

(type locality)". They did not cite any additional

collections.

Based on Waaland's (1973) report from
Vancouver Island, Cumathamnion has entered

into the literature for British Columbia and
Washington (Widdowson 1975; Scagel et al.

1986). It is included in an on-line "working list

of rare marine algae" for the State of Washington
(Mumford 2004). In their lists of marine algal

flora of Oregon, Phinney (1977) and Hansen
(1997) included Cumathamnion in a list of species

that occur south and north of Oregon but have
yet to be found within Oregon. Citing the Hansen
(1997) publication, Guiry and Guiry (2007)

indicate Cumathamnion as occurring in Oregon.
Waaland (1973) reportedly deposited voucher
specimens in the herbaria of the Department of

Botany and that of the Friday Harbor Labora-
tories, University of Washington, but no such

voucher specimens are now present in either

herbarium. In 1995 Waaland wrote to me that in

an office move the specimens were lost prior to

his having deposited them in either of those

herbaria. In light of the lack of any specimens of

C. sympodophyllum collected north of northern

California, it seems prudent to reconsider the

distribution of this rare alga. According to Silva

(2004), the southern end-point in the distribution

of C. sympodophyllum is Bodega Head in Sonoma
County, northern California. According to Gab-
rielson et al. (2006), the presence of C. sympodo-
phyllum in the local area (of Oregon, Washing-
ton, British Columbia, and southeast Alaska)

"requires confirmation". I conclude that con-

firmed collections of Cumathamnion sympodo-
phyllum exist only for sites in Sonoma, Mendo-
cino, and Humboldt Counties of northern
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California and that the earliest known collection

of this taxon was made in 1882 by C. S. Pringle

from Cape Mendocino. One possible reason why
this species may be under-reported in its range is

that it is restricted to extremely exposed, lower

littoral rocky outcrops, co-occurring with the

cumaphytic kelps Lessoniopsis littoralis and
Postelsia palmaeformis. Such habitats can be

safely visited only at times of very low tides and
reduced surf activity.
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Abstract

The genus Kochia and Bassia with which it has been combined, of Chenopodiaceae tribe

Camphorosmeae, were at one time considered to include plants native to Eurasia, Australia, and
North America, and included species of both C3 and C4 photosynthetic types. This aggregate has been

reduced in size by removal of a large group of C3 Australian genera and species. Because of their

intercontinental disjunction, the presence of root sprouting, and the results of recent phylogenetic

studies, it appears that the two North American species Kochia americana and K. californica, of C3
photosynthetic type, should be removed as well, and we designate Neokochia as a new genus for them.

In agreement with a study by other authors, comparison of pubescence characters and ploidy levels

within K. americana did not give support recognition of the segregate K. vestita.

Key Words: Chenopodiaceae, Kochia, Kranz anatomy, Neokochia, polyploidy.

Kochia Roth and Bassia Allen are shrubs,

subshrubs or herbs with indehiscent fruits, and
with embryos that are horizontally oriented in the

flower and ring-like rather than spiral. Tribe

Camphorosmeae, to which these genera belong,

has narrow, hairy leaves, and, similar to other

Chenopodiaceae, has apetalous small flowers. A
disseminule consists of a seed and its pericarp

enclosed within a persistent perianth (Uhlbrich

1934). The name Kochia has usually been applied

to taxa with horizontal wings growing from the

perianth, whereas the name Bassia has been
applied to taxa with spines. The form of these

appendages is apparently related to method of

dispersal, by wind or animals, a characteristic

likely to experience strong and variable selection.

As might not be entirely surprising, therefore, the

distinction has been found untrustworthy, lead-

ing to a merger of these genera (Scott 1978).

However, recent research indicates the need for a

more extensive reorganization (Kadereit et al.

2005; Lee et al. 2005).

Kochia/Bassia was formerly a larger genus, but
taxa native to Australia were portioned out as a

number of separate genera, including Maeireana
Moquin and Sclerolaena R. Brown (Wilson 1975;

Scott 1978). Recent studies have shown the

Australia Camphorosmeae, which have C3 pho-
tosynthesis, to be a distinct clade from the C4
Eurasian group containing the majority of species

of Kochia, Bassia, and related genera (Kadereit et

lal. 2003, 2005). In the same studies. North
!
American Kochia came out either sister to the

Australian Camphorosmeae or sister to a clade
formed by the Australian Camphorosmeae plus
the C4 group. However, these relationships were

all rather weakly supported. Eurasia does contain

a few members of the Camphorosmeae that are

C3 and are currently placed in Kochia and Bassia;

these plants are related to the Australian C3 taxa

or to North American Kochia (Kadereit et al.

2003, 2005). The type species of both Kochia and
Bassia are in the C4 group. See Table 1 for a

comparison of some of these taxa. Photosynthetic

type has been identified as a character of

considerable phylogenetic depth in Camphoros-
meae, and in other parts of the Chenopodiaceae
as well, but has been little utilized systematically

(Pyankov et al. 2001; Kadereit et al. 2003, 2005).

It appears that a large part of the present disorder

in the tribe can be corrected by attention to

photosynthetic type and its morphological corre-

late, the presence or absence of Kranz anatomy.

There are two species ascribed to Kochia that

are native to North America, K. americana S.

Watson, and K. californica S. Watson. Leaf
morphology of these has been examined and
found to be non-Kranz (Carolin et al. 1975).

They are semi-shrubs growing in saline soils, the

former widespread in saline deserts of the

mountain west of North America, and the latter

an uncommon plant of the Central Valley and the

Mojave Desert in the state of California, and
rarely of adjacent Nevada.

In this paper we examine the species of North
American Kochia in order to confirm their

photosynthetic type. We also reconsidered the

separation of K. vestita A. Nelson from K.

americana. Kochia vestita was segregated on the

basis of indumentum, but examination of repre-

sentative specimens by Blackwell et al. (1978)

failed to reveal consistent differences. However, as
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Table 1 . Comparison of Characteristics of Neokochia with Other Genera.

Neokochia Maireana C4 Kochia & Bassia

Leaf anatomy
Leaf type

Life form

Perianth

appendages

Sex

Root sprouting

Perisperm

non-Kranz
Terete or half-terete

Subshrubs

Winglike, developing from
the base of the lobes of

the perianth, thus the

wings are free

Bisexual or with some
plants unisexual

Present

Absent

non-Kranz
Complanate to terete

Mainly subshrubs, with some
shrubs and perennial herbs

Winglike, developing from the

tubular part of the perianth, thus

the wings are united into a single

orbicular structure, or if free, at

least the bases of the wings are

united

Bisexual to dioecious

Absent
Present

Kranz
Complanate I

Annuals, or (one) subshrub

Winglike, developing from
the base of the lobes of the

perianth, thus the wings
are free

Bisexual

Absent
Present

our preliminary observations showed both diploid

and tetraploid populations existing within K.

americana, it seemed desirable to examine corre-

lation of the morphological characteristics with

the ploidy level. We have to that end surveyed

ploidy levels in K. americana and considered

pubescence characters in relation to them.

Methods

The C3/C4 status of K. americana and K.

californica were determined by measurement of

'^C/'-C ratios, averaged for two determinations

per species (Hatch et al. 2006), and presence or

absence of Kranz anatomy was confirmed by
examination of leaf cross sections of the species

(Carolin et al. 1975).

Ploidy was determined by examination of

meiosis in developing anthers and by flow

cytometry of somatic leaf cells. Meiotic chromo-
some counts were made by acetocarmine squash
methods (Sanderson and Stutz 1994). Flow
cytometry was carried out using fresh leaves or

winter buds, which were chopped finely with a

razor blade in 0.3 ml of a DAPI (4' 6-diamidino-

2-phenylindole) solution (CyStain UV Ploidy,

Partec GmbH). An additional 1.7 ml of the

solution was added, and the suspension was
filtered and introduced into the flow cytometer.

Ploidy values for peaks at different positions were
determined by comparison with plants whose
ploidies had been determined cytologically.

Pubescence in mid summer and fall was
compared for diploid and tetraploid populations

by sampling a branch from each of three plants

per population for 23 populations. The plants

were marked so that the same ones could be
sampled at both times.

Response of leaf swelling and pubescence loss

to substrate salinity was studied using plants of

K. americana, which were brought to the

greenhouse from several locations in the field

and watered initially with tap water made 0 M,
0.1 M, 0.2 M, and 0.5 M in sodium chloride.

Voucher specimens were deposited at the

Institute of Botany, Northwest Normal Univer-

sity, Lanzhou, China.

Results

All six populations of K. californica that were'

examined for ploidy were diploid. Of 103 popu-
lations of K. americana examined, 63 were diploid

and 40 were tetraploid (Fig. 1). The tetraploids;

were mainly found in western Utah in the basin of

Pleistocene Lake Bonneville, including the area of

the present Great Salt Lake and Bonneville Salt

Flats, with a few additional tetraploid popula-

tions in eastern Nevada and at scattered locations

in the Colorado Plateau. A triploid plant spread-

ing by root sprouting was found growing within a

diploid population at McElmo Creek, Montrose
County, Colorado. Comparison of diploid DNA
amounts of K. americana and K. californica by
running samples of the species together in flow:

cytometry gave exactly overlapping peaks, and so

their C-values (DNA contents of individual

genomes) appear similar.

Examination of internal morphology of leaves

of the American species K. americana and K:
californica showed a radially organized palisade

parenchyma and several vascular bundles with-

out a bundle sheath or Kranz layer (Fig. 2), as!

was previously shown in diagrammatic form in

Carolin et al. (1975). This may be contrasted with

K. prostrata and K. scoparia, which had promi-

nent bundle sheaths (Fig. 2). C'^/C'^ ratios were.

-23.89 for K. americana and -28.16 for Ki
californica, indicating a C3 photosynthetic path-i

way for these species (Winter 1981).

Pubescence of K. americana consisted of

elongate collapsed hairs attached to papillae on!

the leaf surface. Hairs of growing leaves were

initially closely spaced but became more separat-

ed as the leaf expanded during growth. Early

summer pubescence was often widely variable

within populations and also varied between

populations or regions. It was perhaps more
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Fig. 1. Ploidy of sampled populations of Neokochia americcma and A^. californica. Shaded counties indicate

reports of these species (USDA 2006).
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Scale Bar = 0.2 mm

Fig. 2. Cross sectional views of leaves, showing presence or absence of bundle sheaths and Kranz anatomy; A)
Neokodiia californica S. Watson (non-Kranz). B) TV. americami S. Watson (non-Kranz). C) Kochia scoparia (L.)

Schrader (Kranz). D) Kochia prostrata (L.) Schrader (Kranz). PM = palisade mesophyll, SP = spongy
parenchyma, BS = bundle sheath.

prominent in tetraploids, although we found
some diploid populations with as much pubes-

cence as the tetraploids.

Another factor affecting pubescence was appar-

ently leaf swelling. Leaves may have swelled after

maturity because of salt accumulation (Osmond et

al. 1980), and patches of trichomes appeared to be

then more easily lost by abrasion or other

processes because swollen leaves in the field were

mostly glabrous. All of the populations compared
showed at least some loss of trichome patches by
mid-autumn, but plants of eastern Utah and of the

Escalante Desert in southwestern Utah started

earlier and became more strongly glabrescent. The
leaves of plants in the greenhouse that we watered

with any of the salt solutions became grossly

swollen and terete, whereas plants given water

without the added salt remained slender and linear

in shape. Leaves in the greenhouse experiments

that had become swollen did not immediately lose

their pubescence, however.

Discussion

An alternative name for the native American
taxa that we considered was ""R/iizoniatosa,'' from
an herbarium annotation by Nuttall, referring to

frequent vegetative reproduction by root sprout-

ing. Unfortunately, NuttalFs name is not techni-

cally correct since sprouting in these species is

from true roots, while rhizomes, horizontal stems

with internodes and scalehke leaves, are absent.

The presence of root sprouting in the North

American Kochia species, as well as their inter-

continental separation from Asian taxa, justify

their designation as a separate genus. In addition,

absence of Kranz anatomy also clearly differen-

tiates them from most of the old world taxa.

According to results of Kadereit et al. (2003),

the origin of C4 photosynthesis in the Camphor-
osma clade was Miocene, likely early Miocene. At
the present there are multiple named genera

within the C3 and C4 portions of Tribe Cam-
phorosmeae, and the C3 portion has radiated

from the Eurasian continent into Australia and
,

North America. The combination of photosyn-

thetic pathway with Kranz morphology therefore

represents a taxonomic character of higher-than-

genus level within these taxa. American Kochia

should clearly be separated from Asian C4 Kochia
'

and Bassia. It might be objected that if photo-

synthetic type is used as a genus level character, a

split within the chenopod genus Atrip/ex, affect-

ing many species, might also be required. While it

does appear that changes in Atrip/ex are neces-

sary, the time of origin for C4 photosynthesis

differs within the chenopod family (Kadereit et

:

al. 2003), and the appropriate taxonomic level for

the character might therefore best be evaluated

on a case-by-case basis in conjunction with other

evidence.

The Kochia americana-K. vestita Question

Sereno Watson (1874) described var. vestita of

K ainericana from what probably was tetraploid
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material from the shores of the Great Sak Lake.

Tetraploids appeared to have somewhat longer

early season pubescence on average, although

there was often high variation within popula-

tions, and some diploid populations were as

pubescent as any of the tetraploids.

Later in the season, loss of pubescence
becomes more visible than trichome length. Aven
Nelson (Coulter and Nelson 1909) raised var.

vestita to species level, apparently with pubes-

cence loss in mind. Rydberg's Flora of the Rocky
Mountains (1922) distinguishes the species K.

vestita as plants that do not become glabrescent,

as opposed to others that do regardless of

pubescence that either may have had earlier in

the season. Plants of western Utah, including

both diploids and tetraploids, and of the Color-

ado Plateau, mostly diploid, show a greater

degree of swelling and more shedding of patches

of trichomes, and the shedding begins earlier in

the summer than for plants of most other

locations. However, we found that all 23 of the

populations we examined in the autumn shed

their pubescence to some degree. The greenhouse

experiment showed that leaf swelling can be

induced artificially in response to salinity. There-

fore we concur with Blackwell et al. (1978) that

var. vestita not be recognized.

Taxonomy

Neokochia (Ulbrich) G. L. Chu et S. C.

Sanderson, gen. et stat. nov.—Type: Kochia
americana S. Wats.

Kochia Roth in Schrad. Journ. Bot. 1: 307. 1800

(1801) pro parte.

Sect. Neokochia Ulbrich in Engl, et Prantl, Nat.

Pflanzenfam. 2 Aufl. 16c: 535. 1934. p. p.

Series Neokochia (Ulbrich) A.J. Scott, Feddes
Repert. Spec. Nov. Regni Veg. 89: 108. 1978.

Subfrutices vel frutices, interdum ex radices

horizontales pullulans. Caules numerosi, erecti,

initio dense-tomentosi. Folia linearia ad anguste

oblonga, sessilia, leviter succulenta, teretia ad
semi-teretia, absque Kranz anatomiis. Flores 2-5

in glomerulos, axillares, sub floribus plerumque
cum singulari foliacea (breviter) vel squamosa
bractea, bisexuales vel unisexuales, necnon versu

dioecii; perianthia fere globosa, 5-partita, 5-

nervata, evoluta 5 alato-appendicibus ex basi

segmentorum fructificationum, saepissime dis-

creta; alae patulae horizontaliter, tenuibus venis;

stamina 5, evidenter disco; stigmata 2, raro 3, stylo

brevissimo. Utriculus ovatus, pericarpio leviter

carnoso. Semen horizontale, testa membranaceo,
embryone prope annulari, radicula laterali, coty-

ledone leviter ampliato et absque perispermate.

Subshrubs or shrubs, spreading by root
sprouting. Stems numerous, erect, at first densely
silky-tomentose. Leaves linear, sessile, slightly

succulent, terete to half-terete, anatomy non-
Kranz. Flowers 2-5 in glomerules, axillary, each
flower usually subtended by a foliaceous or scale-

like bract, bisexual or unisexual and tending

towards dioecy. Perianth nearly globular, 5-

parted, 5-veined, developing 5 free wing-append-
ages from base of the segment at frutescence; the

wings spreading, horizontal, with fine veins;

stamens 5, filaments filiform, arising from a disc,

anthers elliptic; stigmas 2, rarely 3, subulate or

linear, style very short. Utricle depressed-ovate,

pericarp slightly succulent. Seeds horizontal, testa

pellucid-membranous, embryo near annular,

radical lateral, cotyledons somewhat enlarged,

without perisperm. X = 9.

Plants of Neokochia have a multi-veined

perianth, with the wing-appendages developing

from the lobes. The wings are therefore separate

and orbiculate, but fall together with the fruit

because of the united perianth. A genus of two
species endemic to western North America.

Neokochia americana (S. Watson) G. L. Chu et S.

C. Sanderson, comb. nov. Kochia americana S.

Watson, Proc. Amer. Acad. 9: 93. 1874. K.

vestita A. Nelson in J. M. Coulter & A. Nelson,

New Man. Bot. Centr. Rocky Mt. 165. 1909.—
Lectotype (Blackwell et al. 1978): "Western
Nevada," J. Torrey 465 (GH).

Distribution: USA: on saline soils, most
abundant in Utah, Nevada, also present in parts

of Arizona, California, Colorado, Idaho, Mon-
tana, Oregon, and Wyoming.

Neokochia californica (S. Watson) G. L. Chu et S.

C. Sanderson, comb. nov. Kochia californica S.

Watson, Proc. Amer. Acad. 9: 93. 1874. Kochia

americana var. californica (S. Watson) M. E.

Jones, Contr. West. Bot. 11: 19. 1903.—
Lectotype (Blackwell et al. 1978): "Colton,"

Parry 275 (GH).

Distribution: USA: Central Valley and Mojave
Desert of California and southern Nevada.
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A SPATIAL AND TEMPORAL INVESTIGATION OF
ELEOCHARIS MACROSTACHYA AND ORCUTTIA TENUIS
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Abstract

We investigated the possible spatial structure and temporal patterns that may determine the

distribution and cover of Eleocharis macrostachya and Orcuttia tenuis within two vernal pools located

in Tehama County, California. Rock cover, soil depth to hardpan, and basin elevation were compared
with E. macrostachya and O. tenuis cover to investigate spatial structure. Yearly E. macrostachya and
O. tenuis cover were compared with yearly precipitation and air temperature to assess temporal

patterns.

The spatial results suggest that soil depth to hardpan may determine E. macrostachya distribution.

Rock cover and basin elevation appeared to have little effect on either E. macrostachya or O. tenuis

distribution.

Temporal analyses suggest that biotic interactions such as life history traits and competition may be

important factors for E. macrostachya and O. tenuis distribution and density. Orcuttia tenuis cover is

relatively stable at scale of 1 .0 m- but varies at a 0.25 m-. Variabihty at a micro scale could be due to

variations in annual air temperatures causing a possible shifting mosaic steady state. Orcuttia tenuis

life history traits coincide with adaptations expected for warmer temperatures.

Even though abundance is relatively stable for O. tenuis and E. macrostachya in both pools, there is

significant negative correlation and spatial structure between them. Eleocharis macrostachya may
dictate O. tenuis density within a pool through a combination of abiotic and biotic features.

Key Words: Competition, Eleocharis macrostachya, Orcuttia tenuis, shifting mosaic steady state, soil

depth, Tehama County, vernal pools.

Changes in the distribution and density of

populations over time and space provide the

knowledge needed to understand the processes

that regulate population size (Ricklefs 1997).

Population parameters can be dictated by abiotic

factors such as climate, topography, and soil

depth, or biotic factors such as competition and
life history traits. Understanding these processes

is essential for the conservation and protection of

vernal pool plants such as Orcuttia tenuis (CDFG
1991; USFWS 1997, 2003; CNPS 2001).

Vernal pools provide an excellent opportunity
to explore species distribution and density in

relation to abiotic processes and biotic interac-

tions. Vernal pools are isolated wetlands with

unique morphologies that fluctuate seasonally
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between periods of inundation and desiccation

(Keeley and Zedler 1998). They support high

levels of endemic species, both annual and
perennials, and are considered a complex ecosys-

tem (Holland and Dains 1990). The first reference

to vernal pools and their distinctive plant

associations can be attributed to Jepson (1925)

and the large number of endemic species found
within vernal pools to Hoover (1937). There are

approximately 100 plants species commonly
found in vernal pools, of which 90% are native

and 55% endemic to California (Holland and
Jain 1988; Keeler-Wolfe et al. 1998).

Vernal pools occupy areas of conflicting land

use and have suffered extensive habitat destruc-

tion in the last century through urbanization and
conversion to agriculture. California has lost

between 93 and 97% of its vernal pools (Holland

1978). The continued destruction of vernal pool

habitat has led to the designation of this unique

ecosystem as "critical habitat" in 2003 by the

United States Fish and Wildlife Service

(USFWS). Due to the high level of endemism
and the loss of critical habitat, there are 15

"listed" plants found in vernal pools, ten are

listed as endangered, and five are threatened.

Orcuttia tenuis A. Hitchc. (Poaceae), is a small,

loosely tufted, blue-green annual, endemic to

California vernal pools (Hickman 1993), which is

listed by the State of California as threatened and
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by the federal government as endangered (CDFG
1991; USFWS 1997).

Alterations in hydrology can affect both abiotic

processes and biotic interactions for vernal pool

plants. The greatest threat to O. tenuis is altered

hydrology (USFWS 2003), shorter inundation

periods prevent O. tenuis seeds from dispersing

and germinating (Corbin and Schoolcraft 1989).

Seeds are distributed within the pools by floating

as the pools fill in the rainy season (Crampton
1976) and require enough standing water to allow

the growth of a soil fungus over the seed in order

to break dormancy (Corbin and Schoolcraft

1989). This adaptation insures that O. tenuis will

germinate only when sufficient water is present in

the pool to complete its lifecycle. Likewise, longer

inundation periods could have a detrimental

affect by promoting the growth of a perennial

marsh species, such as Eleocharis maerostachya
Britton (Crampton 1959; Stone et al. 1988;

Bauder 1989; Corbin and Schoolcraft 1989).

Stone et al. (1988) reported that E. nuicrostcichya

competition combined with hydrological modifi-

cation might have caused the loss of one O. tenuis

population in Shasta County.

Inundation periods are affected by basin mor-
phology (Brooks and Hayashi 2002), basin depth

(Zedler 1987; Bauder 1987, 2000), soil (Griggs 1981;

Holland and Dains 1990; Williamson et al. 2005),

and yearly precipitation (Zedler 1987; Bauder
2000). The shape and size of a basin determines

the amount of subsurface water-flow into the pools

and deeper basins have longer inundation periods

(Keeley and Zedler 1998). In general, soils act as

reservoirs for the water and moisture retention

varies with soil depth (Miller and Donahue 1990).

Changes in any of these abiotic factors affect the

inundation period of a pool, and hence the density

and distribution of O. tenuis.

There is little information on the distribution of

vernal pool plant species within an individual pool

in relation to abiotic processes (basin morphology,
basin elevation, and soil depth to hardpan) and
biotic interactions (competition and life history

traits). Our purpose is to gain information on the

spatial structure and temporal patterns that affect

E. maerostachya and O. tenuis distribution and
density within individual vernal pools.

We aim to accept or reject the following

hypotheses:

Spatial

1) O. tenuis and E. maerostachya have spatial

structure and a significant negative correla-

tion.

2) O. tenuis and E. maerostachya cover estimates
have a significant positive correlation with

decreasing basin elevation (deep depths).

3) O. tenuis cover estimates have a significant

positive correlation with decreasing soil

depth to hardpan and increasing rock cover.
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Fig. 1. Location of study pools in eastern Tehama
County, California.

4) E. maerostachya cover estimates have a

significant positive correlation with increas-

ing soil depth to hardpan and decreasing

rock cover.

Temporal

1) O. tenuis and E. maerostachya cover esti-

mates vary significantly over sampUng years

at both a 0.25 m- and 1.0 m^ scale.

2) O. tenuis and E. maerostachya cover esti-

mates have a positive correlation with
increasing precipitation and decreasing air

temperatures.

The results from these tested hypothesizes will

guide management of O. tenuis through the

identification of critical abiotic and biotic habitat

preferences.

Methods

Study Area

Two large deep northern volcanic vernal pools

were surveyed in the Northeastern Sacramento
Valley Vernal Pool Region (Keeler-Wolfe et al.

1998). The first pool sampled, Sevenmile Lake (7-

Mile) is owned and managed by the Bureau of

Land Management (BLM) and is located ap-

proximately seven miles northeast of Red Bluff

on Highway 36 (Fig. 1). Sevenmile Lake is

approximately 2.3 acres. The second pool is

Spring Branch 2 (SB2), also owned by BLM,
located on Spring Branch Road and is approx-

imately 3.32 acres in size (Fig. 1). Resource and
geographic constraints hmited this study to only

two vernal pools.

Data Collection

All data points were recorded with a Trimble

GeoExplorer 3 GPS unit, differentially corrected,
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and exported to a resident ArcGIS shapefile

format.

Basin morphology. The perimeter of each pool

was walked with a Trimble GPS unit and
delineated by the lack of common shallow water

wetland and vernal pool indicator species typical

in these pools. In low gradient areas with more
widely fluctuating inundation periods, the species

most often used for delineation were Deschanipsia

danthonioides. Hordewn marimmi ssp. gussonea-

nunu and in some areas, Lolium multiflonmi. In

higher gradient areas with more stable long

inundation periods, typical species were Eryngi-

um castrense, Downingia spp., Eleocharis nutcro-

stachya, and Orcuttia tenuis. Hydrologic and
geomorphologic features also were used exten-

sively.

Basin elevation. A laser level (Topcon RL-H3C
980' Diameter- Servo Leveling) was used to map
the basin elevation of the vernal pool basins in

Fall 2005. Line transects were placed every ten

meters, running in a general east to west pattern

through the vernal pool basin and elevation

points were collected every five meters along each

transect. A total of 253 elevation points were
collected along ten transects for 7-Mile and 268

elevation points were collected along 16 transects

for SB2. Additional elevation points were col-

lected in the upland mosaic to create a more
accurate physiographic map.

Relative cover estimates. Rock, E. macrosta-

chya, and O. tenuis cover were estimated every

five meters along the basin transects. Cover was
determined by using two 0.5 m- quadrats placed

side by side at each elevation point, and was read

as one meter squared. A modified cover class

system was created and used to quantify cover

estimates in this study (Table 1). A total of

1601 m- quadrats were read for 7-Mile in

October 2005 and 3001 m- quadrats were read

for SB2 in July 2006.

Soil depth to hardpan. The measurable depth of
soil to hardpan was calculated using a soil probe
at the same location and time as the vegetation

quadrats within the basin. At this time the pool
soils were completely dry and usually cracking

due to desiccation. The soil probe was pushed
into the ground, usually between three and seven

times, within each 1 m quadrat. Each time the

soil probe was pushed into the basin floor; the

ground surface level was marked and measured
to the end of the probe. The maximum soil depth
was recorded in centimeters for each vegetation

sampling point.

Absolute cover estimates. As part of an earlier

vernal pool study, permanent transects were
estabhshed in 1999 from a stake (pivotal point)

driven into a central area of a pool that traverses

Table 1. Orcuttia tenuis and E. macrostachya
Estimate Relative Cover Classes.

Class Percent Cover

0 Absent
1 1-10%
2 1 1-20%
3 21-30%
4 31-^0%
5 41-50%
6 51-60%
7 61-70%
8 71-80%
9 81-90%
10 91-100%

to the pool margin (Lis and Eggeman 1999; Lis

and Clark 2007). Sevenmile Lake has four

transects and SB2 has two transects. A system

of permanently marked quadrats, located on
permanent transects was used with the permanent
quadrats and transects marked with large steel

spikes. At each spike, four quadrats (0.25 m-)

were laid out, and the absolute cover of rock,

bare ground, and indicator plant species record-

ed, including O. tenuis and E. macrostachya. Data
were collected in the years 1999, 2000, 2001, 2004,

and 2006.

Climate data. The mean maximum monthly air

temperature and mean monthly precipitation

data were obtained from the California Depart-

ment of Water Resources (DWR) (http://cdec.

water.ca.gov/queryTools.html) and Western Re-
gional Climate Data Center (http://www.wrcc.dri.

edu/). The data station used was Red Bluff

Diversion Dam (RBD) for both queries.

Data Analysis

Basin morphology. The area and perimeter of

each pool was automatically calculated during

the creation of the polygon shapefile. The shape

value was calculated using the following equa-

tion: perimeter/(3.54 * sqrt (area)), where the

value of 1.0 is equal to a circle, and larger for a

distended shape (Longley et al. 2001).

Basin elevation and soil depth to hardpan. The
elevation points were interpolated into a Digital

Elevation Model (DEM), using Hutchinson's

(1989) Topo to Raster implemented in ArcGIS
Ver. 9.1 (Environmental Systems Research Insti-

tute), which interpolates a hydrologically correct

surface from point, line, and polygon data. A
two-group t-test was performed between the two
pools to determine the significant difference

between means for soil depth to hardpan and
basin elevation.

Spatial autocorrelation. Spatial dependence in

O. tenuis and E. macrostachya was investigated in
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several ways to understand both the overall

spatial pattern of each species (global random
vs. non-random structure) and to identify signif-

icant patch distributions in each pool. These tests

also helped us to anticipate any issues with

conducting standard normal linear statistics.

While spatial autocorrelation does not inflate

the explained variance term (in r or r- relationship

analysis), it can lead to inflated (artificially large)

sample sizes due to non-independent samples,

which may influence significance tests (P-values)

and result in the inclusion of non-significant

predictor variables (Legendre and Fortin 1989).

The local spatial correlation was examined using

isotropic derived Moran's I correlograms and
local indicators of spatial association (LISA)
maps (Anselin 1995).

Correlations. After spatial autocorrelation was
examined, the point shapefiles representing cover

estimates and soil data for each site were buffered

by 1 m to create a 1 m diam. zone for each point

and zonal statistics were calculated from the

DEM. The zonal statistical result (the mean basin

elevation) was added to the field data (soil depth

to hardpan and cover estimates) to create a data

analysis matrix for each pool. All statistical tests

were performed in Systat 8.03 (SPSS Inc.) with a
< 0.05.

Since the cover estimates were ranked data, a

Spearman's rank correlation matrix was used to

determine if there was a significant correlation

between O. tenuis and E. macrostachya with rock,

soil depth, and elevation (Sokal and Rohlf 1981).

Linear regressions were calculated in order to

determine variable predictability.

Absolute cover estimates. Analyses of absolute

cover estimates were conducted at two scales. The
first scale was at the 0.25 m- level for which each

of the four quadrats per sampHng point were
individually analyzed to examine micro-changes

in distribution within the pool. The second scale

was at 1 .0 m- for which each of the four quadrats

per sampHng point were averaged to aggregate

the data into one sampling point value to

examine changes at the whole pool level.

A one-way Analysis of Variance (ANOVA)
was used at both scales (0.25 m- and 1 .0 m^) to

determine if there was a significance difference in

mean absolute cover estimates for O. tenuis and
E. macrostachya over sampling years. A Bone-
ferroni post-hoc comparison was used to deter-

mine significant differences among years.

Climate data. Air temperature and precipita-

tion data were tested against O. tenuis and E.

macrostachya cover using a Pearson's Correlation

Test (a < 0.05). Data were checked for normality

before analysis and linear regressions were used

to determine if air temperature and precipitation

were significantly correlated.

Table 2. Comparison of Basin Morphology
(Area, Perimeter, and Shape) for Each Vernal
Pool.

Sevenmile Lake Spring Branch 2 Pool

Area = 9460 Area = 13,838 m-
Perimeter = 479 m Perimeter = 440 m
Shape = 1.15 Shape = 1.27

Results and Discussion

Spatial Data

Basin morphology. Spring Branch 2 pool is the

larger pool with a distended shape that has been
caused by an artificial dirt dam on the southwest

side of the pool (Table 2). It has been suggested

that artificial dirt dams provide more area

suitable for Orcuttia growth by prolonging
inundation (Griggs 1974).

Basin elevation and soil depth to hardpan. In

addition to SB2 being larger than 7-Mile, it is

deeper with less soil. T-tests determined a

significant difference between means (7-Mile =
0.72 ft and SB2 = 1.16 ft) for basin elevation (df

= 458, P = 0.000) and between means (7-Mile =
8.62 cm and SB2 = 6.79 cm) for soil depth to

hardpan (df = 458, P = 0.002) between the two
pools. Since the study pools are morphologically

different, O. tenuis and E. macrostachya distribu-

tion and cover may vary between pools due to

microhabitat differences.

Spatial autocorrelation. One of our larger goals

was to determine if there is significant spatial

structure for O. tenuis and E. macrostachya

within the study pools. The value for Moran's I

for global spatial autocorrelation indicate that

spatial pattern of O. tenuis and E. macrostachya

are not random but have significantly clustered

patches in both pools (P = 0.01).

Moran's I correlograms also detected spatial

structure in the populations between pools. If cover

diversity were randomly distributed, the correlo-

grams would be statistically non-significant and
would exhibit a more or less flat profiles (values

near 0 for most distance classes). The Moran's I

correlograms (Fig. 2) show O. tenuis and E.

macrostachya have significant positive autocorre-

lation detected in the pool at different distances

depending on the pool. The spatial autocorrela-

tion pattern (size of patches) for E. macrostachya

is different (7-Mile = 0-52 m, SB2 = 0-32 m),

and O. tenuis is similar (7-Mile = 0^5 m, SB2 =
0-51 m), between study pools (Fig. 2).

The distance differences for significant positive

spatial autocorrelation detected for E. macro-

stachya in 7-mi compared SB2 could be due to

pool abiotic differences (soil depth to hardpan)

and/or biotic differences (hfe history reproduc-

tion) (Sokal and Oden 1978). Eleocharis macro-
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Fig. 2. A correlogram for O. tenuis and E. macrostachya in Sevenmile Lake and Spring Branch 2 Pool.

stachya is perennial and reproduces vegetatively

from rhizomes and by seeds (DiTomaso and
Healy 2003). Seeds typically germinate in stand-

ing water during mid-spring through early

summer (DiTomaso and Healy 2003) and rapid

rhizomatous growth occurs in mid and late

summer (Strandhede 1966). Orcuttia tenuis is an
annual, and only reproduces by seeds, which are

distributed within the pools by floating as the

pools fill in the fall or winter (Crampton 1976).

Because vegetative reproduction is not observed

in O. tenuis, this autocorrelation at similar

distance classes probably reflects the occurrence

of similar patch area sizes (i.e., high probability

areas for survival) for plant development in this

annual.

According to Sokal (1979), patch size can be

estimated by the distance at which the Moran's I

correlogram first intercepts the abscissa, as this

corresponds to the shortest dimension of an
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irregularly shaped patch. The Moran's I correlo-

grams (Fig. 2) also indicate that there is a linear

gradient from significant to non-significant auto-

correlation across each pool for both species (i.e.,

positive values are not seen at higher distance

classes). This suggests there is not a circular

gradient (Sokal and Oden 1978) of patches for

these species in a pool (i.e., not like a typical

vernal pool bathtub ring of species distribution)

and that the patch distribution is not regular

(Legendre and Fortin 1989; Radeloff et al. 2000).

Figures 3 and 4 show the location of significant

clusters of E. macrostachya and O. tenuis within

the pools in relation to rock cover, soil depth, and
basin elevations.

Biotic correlations. A Spearman's rank corre-

lation matrix determined that O. tenuis and E.

macrostachya clusters are significantly negatively

correlated in both pools (7-Mile P = 0.00; SB2 P
= 0.00; Figs. 4 and 5). A linear regression found
a negative significant correlation between O.

tenuis and E. macrostachya in both pools but

that is a weak predictor for cover (7-Mile df =
157, adjusted r- = 0.18, P = 0.00 and SB2 - df =

297, adjusted r- = 0.13, P = 0.00). This result

suggests that there is a better predictor variable

for cover such as inundation period, which was
not examined in this study. Even though the

negative correlation between the species is weak,
the relationship may be competition, which is

supported by Stone et al. (1988), who observed

that competition with E. macrostachya rather

than inundation directly limits the distribution of

O. tenuis.

Abiotic correlations - Orcuttia tenuis. Basin

elevation.—A Spearman's rank correlation matrix

determined that the 7-Mile population of O. tenuis

is significantly negatively correlated (df — 155, P
= 0.00) with basin elevation. A 7-Mile LISA map
of O. tenuis cover and basin elevation shows that

the significant patches of O. tenuis are found in

shallower depths of the pool (Fig. 3). A linear

regression found basin elevation to be a weak but

significant predicting variable (df = 157, adjusted

r- = 0.18, P = 0.00). This result also suggests that

another variable such as inundation period may
be a better predictor for O. tenuis cover.

A Spearman's rank correlation matrix deter-

mined that the SB2 population of O. tenuis had no
significant correlation (df = 295, P = 0.24) with

basin elevation. The lack of correlation between
O. tenuis cover and basin elevation can be seen in

the location of the significant patches of O. tenuis

on the SB2 LISA map (Fig. 4). The significant

clusters of O. tenuis were not found at shallow or

deep depths in SB2 and suggest basin elevation

does not affect O. tenuis density and distribution.

The lack of positive correlations between O.

tenuis cover and basin elevation is unexpected
because previous research indicates O. tenuis

prefers deep portions of a pool (Corbin and
Schoolcraft 1989), but not surprising since we
observed O. tenuis patches in the shallow and
medium depths of the pools. This result could be
due to the large size of the study pools, which
tend to have longer inundation periods (Brooks
and Hayashi 2002). The deep portions of the

study pools may have an exceptionally long
inundation period that push O. tenuis to survive

in the shallow and medium depths of the pool.

These shallower depths must have an inundation
period long enough to meet the threshold of O.

tenuis (Holland 1987). Our findings may indicate

that inundation period not depth affect O. tenuis

abundance and distribution.

Rock cover and soil depth to hardpan.—

A

Spearman's rank correlation matrix found that

O. tenuis has a significant positive correlation (7-

Mile df = 155, P = 0.00; SB2 df = 295 P = 0.00)

with rock and no significant correlation (7-Mile

df = 155, P = 0.69; SB2 df = 295, P = 0.53) with

soil depth to hardpan in both study pools. For
SB2, a linear regression analysis found rock cover

to be an insignificant predicting variable for O.

tenuis cover. Rock cover may shape O. tenuis

distribution within a pool by allowing more
available microhabitat for O. tenuis that may
not be suitable for other vernal pool plant

species. Soil depth to hardpan appears to have
little to no affect on O. tenuis distribution and
abundance. Research on soil requirements for O.

tenuis is not currently available indicating a need
for more infoiTnation.

Abiotic correlations - Eleocharis macrostachya.

Basin elevation.—A Spearman's rank correlation

matrix found E. macrostachya to have no
significant correlations (7-Mile df = 155, P =
0.89; SB2 df = 295, P = 0.68) with basin

elevation in both study pools. The locations of

significant E. macrostachya clusters in relation to

elevation show this lack of correlation (Figs. 3

and 4). In these LISA maps, it appears the

significant patches of E. macrostachya were not

found in shallow or deep depths for both study

pools. These results suggest that the inundation

requirements for E. macrostachya are being met
across the topographic gradient, which are

standing water no deeper than 1 m with occa-

sional fluctuations down to saturated conditions

throughout the growing season (USDA 2006).

Rock cover and soil depth to hardpan.—

A

Spearman's rank correlation matrix found E.

macrostachya has a significant negative correla-

tion (df = 295, P = 0.00) with rock cover and
significant positive correlation (df = 295, P =
0.00) with soil depth to hardpan in SB2. There is

a significant negative correlation between soil and
rock cover indicating that rock cover probably,

has little affect on E. macrostachya and was|

eliminated from the linear regression, which
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Fig. 3. A LISA map of significant O. tenuis, E. macrostachya patches in Sevenmile Lake in relation to basin

elevation and soil depth. Orcuttia tenuis has a significant negative correlation with E. macrostachya and basin

elevation. Eleocharis macrostachya has a significant positive correlation with soil depth to hardpan.

found soil depth to be a significant (df = 297,

adjusted r- = 0.23, P = 0.00), but weak predicting

variable for E. macrostachya cover. This result

suggests that another variable such as inundation

period may be a better predictor for E. macro-

stachya cover. In 7-Mile and SB2, a Spearman's
rank correlation matrix found E. macrostachya

has a significant positive correlation (df = 295,
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Fig. 4. A LISA map of significant O. tenuis, E. macrostachya patches in Spring Branch 2 Pool in relation to basin

elevation and soil depth. Orcuttia tenuis has a significant negative correlation with E. macrostachya and no
correlation with basin elevation. Eleocharis macrostachya has a significant positive correlation with soil depth

to hardpan.

P = 0.00) with soil depth and no correlation with

rock. The positive soil correlation can be seen in a

LISA map of each pool, representing the

significant patches of E. mcicrostachya in relation

to soil depth to hardpan (Figs. 3 and 4). These

results suggest that soil depth to hardpan may
determine E. mcicrostachya density and distribu-

tion in both study pools.
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Fig. 5. The mean absolute cover of O. tenuis and E.

macrostachya (0.25 m-) in Sevenmile Lake and over

sampling years.

The positive correlation between E. macrosta-

chya and soil depth to hardpan, may explain why
E. macrostachya patches were larger in SB2
compared to 7-Mile (Figs. 3 and 4). Spring

Branch 2 pool has a greater mean for soil depth

to hardpan compared to 7-Mile, indicating soil

depth may determine cluster size. Soil depth to

hardpan may play an important part in the

significant spatial structure of E. macrostachya
and O. tenuis in both study pools.

Temporal Data

Ahsohite cover estimates. A one-way ANOVA
found a significant difference in mean absolute

cover estimates for O. tenuis and E. macrostachya
over sampling years for 7-Mile, at the micro scale

of 0.25 m^ (df = 315, O. tenuis P = 0.00; E.

macrostachya P = 0.01). The mean absolute

cover of the 7-Mile population of O. tenuis is

significantly different between 1999 and 2001 (df
= 315, P = 0.01), and 2001 and 2006 (df = 315, P

— 0.01), 2001 having the highest mean (Fig. 5).

The mean absolute cover of the 7-Mile popula-

tion of E. macrostachya at the micro scale of

0.25 m- is significantly different between 1999

and 2003 (df= 315, P = 0.01), and 2000 and 2003
(df = 315, P = 0.03), with 1999 having the

highest mean and 2003 the lowest (Fig. 5).

In SB2, O. tenuis cover also varied at micro
scale (0.25 m-) over sampling years. A one-way
ANOVA found a significant difference (df = 155,

P = 0.01) in mean absolute cover estimates for O.

tenuis is significantly different between 1999 and
2000 (df = 155, P = 0.03), 2000 and 2003 (df =
1 55, P = 0.01 ), and 2000 and 2006 (df = 1 55, P =
0.02), with 2000 having the highest mean (Fig. 6).

There is no significant difference (df = 155, P =
0.96) in mean absolute cover estimates at a micro
scale (0.25 m-) for E. macrostachya over sampling

years in SB2 (Fig. 6).

These results indicate that O. tenuis mean
absolute cover at a 0.25 m- scale changes over

time. Sevenmile Lake and SB2 have different

years for high cover estimates of O. tenuis, which
could be caused by morphological differences

between the pools.

Since E. macrostachya cover only varied in 7-

Mile, these results indicate E. macrostachya may
be relatively stable over time. Eleocharis macro-

stachya cover may have varied over sampling

years in 7-Mile and not SB2 because of soil depth

differences between the pools. Sevenmile Lake
has a higher mean for soil depth to hardpan
compared to SB2, which may allow for more
variability in density and distribution for E.

macrostachya.

A one-way ANOVA found no significant

difference in mean absolute cover estimates for

O. tenuis and E. macrostachya over sampling

years for both study pools at an aggregated 1 .0 m-
scale. This result is puzzling since O. tenuis cover

varied at a 0.25 m- scale and unexpected because

research has shown that climate (Crampton 1959;

Griggs 1976, 1981; Griggs and Jain 1983) and
possible competition between E. macrostachya

and O. tenuis (Crampton 1959; Stone et al. 1988)

limited O. tenuis abundance. Our results suggest

that E. macrostachya and O. tenuis cover is

relatively stable at the whole pool level.

Even though O. tenuis cover is relatively stable

at a 1.0 m^ scale, changes on a micro scale

(0.25 m-^) indicate a possible "shifting mosaic

steady state". Bormann and Likens (1979) report

"shifting mosaic steady state" is the result of

yearly disturbances changing the location for a

specific habitat, however, even though the actual

locations change, the amount of each habitat

over a large area may remain somewhat constant

(steady state). Disturbances cause changes in

habitat. Yearly changes in precipitation and air

temperature, hence weather, may affect O. tenuis

cover.
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Fig. 6. The mean absolute cover of O. tenuis and E.

macrostachya (0.25 m-) in Spring Branch 2 over
sampling years.

Climate data. Eleocharis macrostachya and O.

tenuis mean absolute cover at a 0.25 m- scale

changes over time, and may be due to changes in

weather. A Pearson's correlation matrix deter-

mined that there is a significant positive correla-

tion (df = 109, P = 0.02) between air temperature
and O. tetiuis, and a significant negative correla-

tion (df = 109, P = 0.02) between precipitation

and E. macrostachya at the 0.25 m- scale within

7-Mile. A linear regression (df = 109, adjusted r-

= 0.03) for O. tenuis mean absolute cover found
precipitation (P = 0.01) to be a negative

predicting variable and (P = 0.00) air tempera-
ture a positive predicting variable, with air

temperature as the stronger predictor. For E.

macrostachya mean absolute cover, a linear

regression (df = 109, adjusted r^ = 0.02, P =
0.02) determined precipitation is the only signif-

icant predicting variable.

In SB2, a Pearson's correlation matrix found a

significant positive correlation (df = 158, P =

0.05) between O. tenuis and air temperature. A
linear regression (df = 158, adjusted r- = 0.02, P
= 0.05) determined that air temperature is a
significant but a weak predictor for O. tenuis

cover. No climate correlations were found for E.

macrostachya cover in SB2. This result is

anticipated since E. macrostachya cover did not
vary over time in SB2.

Our results suggest that O. tenuis cover is not
affected by the amount of rain per year, which is

unexpected based on previous studies suggesting

there is relationship between precipitation and
O. tenuis (Crampton 1959; Griggs 1974, 1981;

Griggs and Jain 1983). The differences in

correlation between O. tenuis and precipitation

could be related to the differences in correlation

with basin elevation, since basin elevation

(Zedler 1987; Bauder 1987, 2000) and yearly

precipitation (Zedler 1987; Bauder 2000) are

connected to the inundation period of a vernal

pool. The study pools are large and deep which
promote long inundation periods (Brooks and
Hayashi 2002). These longer inundation periods

may meet the inundation threshold for O. tenuis

seeds (Reeder 1965, 1982; Holland 1987) across

the topographic gradient, indicating that dura-

tion not depth of inundation determine O. tenuis

distribution.

The positive correlation between O. tenuis

cover and air temperature suggests that cover

will be higher in warmer years and possibly due
to the ability of O. tenuis to switch from a C-3 to

C-4 photosynthesis in the late spring (Corbin and
Schoolcraft 1989). This switch to C-4 photosyn-

thesis allows O. tenuis to adapt to high intensive

sunlight and use water more efficiently. This may
also explain why O. tenuis significant clusters

were not found in the deep parts of the pools. If a

winter season extends into late spring, the lack of

sunlight and increased precipitation will hinder

the C-4 photosynthesis pathway of O. tenuis,

especially in deep parts of the pool. In this

situation, O. tenuis cover will be higher in

shallower depths further supporting a hypothesis

for shifting mosaic steady state (Bormann and
Likens 1979).

Conclusions

It is important to understand the abiotic and
biotic features that limit the distribution and
density of a species, especially for species and
habitats that have a special conservation status,

such as O. tenuis and vernal pools.

Eleocharis macrostachya and O. tenuis abun-

dance is relatively stable in both pools at a 1 m^
scale. Orcuttia tenuis cover varied over time in

both pools at the 0.25 m^ scale, which could be

due to a combination of biotic (negative correla-

tion with E. macrostachya and life history

reproduction traits) and abiotic (positive correla-
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tion with air temperature) features. It is impor-

tant to emphasize that although cover changes

occur at a micro scale these changes were not

reflected when the data were aggregated at a scale

of 1.0 m-. Annual changes in air temperatures

that allow O. tenuis to thrive in some areas of the

pool better than others in different years may be

explained by the shifting mosaic steady state

theory.

Although cover is relatively stable in both

pools for O. tenuis and E. macrostachya at the

1.0 m scale, we found both a significant negative

correlation between the two species. Temporal
data show no significant changes in cover over

time for both E. macrostachya and O. tenuis at a

1 m- scale. Thus, if competition is occurring

between E. macrostachya and O. tenuis, E.

macrostachya is not limiting the density of O.

tenuis but rather dictating its distribution within a

pool. Our data show that depth of soil to

hardpan may drive E. macrostachya density and
distribution. Eleocharis macrostachya is perennial

species that thrives in pool areas with deep soils

(soil depth >6 cm), which can prevent O. tenuis

from establishing in these areas. Since O. tenuis

cannot establish in areas with E. macrostachya, it

is forced to live in the rocky areas of a pool that

have shallow soils.

Our results show that conservation strategies

need to include monitoring sedimentation within

the vernal pools by managing grazing activities

and limiting anthropogenic disturbances that

may increase erosion in the surrounding uplands.

If pools fill with sediment, it will increase the

available habitat for E. macrostachya; hence limit

available habitat for O. tenuis.

Our results show that soil plays an important
role in conserving vernal pool plant species.

Future research for O. tenuis conservation should
include soil mapping, transplant experiments,

and inundation periods. Mapping soils based on
texture and chemistry may give insight on the soil

types preferred by E. macrostachya and O. tenuis.

Conducting transplant experiments in different

soil depths would determine if there is positive

correlation between of soil depth and possible

completion between E. macrostachya and O.

tenuis.
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Abstract

EriophyUum lanatiiin vars. achilleoides and leiicophyllum intergrade in southwestern Oregon. Some
populations cannot be unequivocally assigned to either variety. Chromosome counts showed
polyploid populations predominating where the varieties meet in southwestern Oregon. Pollen

fertility, estimated by cotton blue-lactophenol staining, was the main criterion used to assess barriers

to interbreeding. Artificial hybridizations between diploids revealed barriers to interbreeding between
vars. achilleoides and leucophyllum, and between each of them and a morphologically intermediate

population. The barriers to interbreeding are substantially less developed than those present between

most of the other eight varieties of the E. lanatimi complex. Supernumerary chromosomes are

postulated to be adaptive in EriophyUum hybrid zones.

Key Words: Artificial hybridizations, Asteraceae, barriers to interbreeding, Eriophylhmu hybrid zone,

pollen fertility, species complex, supernumerary chromosomes.
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The EriophyUum lanatum (Pursh) J. Forbes

species complex extends from California to

British Columbia and eastward to Utah, Mon-
tana, and Wyoming. The base chromosome
number is .y = 8. One to four supernumerary
chromosomes may be present. Diploid, tetra-

ploid, hexaploid, and octoploid populations

occur from coastal to subalpine communities.

Artificial hybridizations showed significant

differences in pollen fertility in the progeny of

some intervarietal crosses, indicating barriers to

interbreeding. The barriers were higher in dip-

loids than in tetraploids. The "varieties" are

geographic subspecies or semispecies. Many of

the polyploid populations occur where the ranges

of taxa overlap or nearly overlap (Mooring
2001). Assigning individuals or populations to

taxa is often difficult in such areas. The
morphological variabihty and the high frequency

of polyploid populations in these areas strongly

suggest that they are hybrid zones.

Particularly good examples of taxonomic
uncertainties occur in the Klamath Region of

northwestern Cahfornia and southwestern Ore-
gon where E. lanatum vars. achilleoides (DC)
Jeps., grandiflorum (A. Gray) Jeps., lanceolattim

(J. T. Howell) Jeps., and leucophyllum (DC) W.
R. Carter occur. Constance (1937, p. 89) wrote
that "it seems quite impossible to assign many
specimens definitely to any one subspecific

category." In particular, vars. achilleoides and
leucophyllum intergrade smoothly (Constance
1937; Kenton Chambers, Dept. Of Botany and
Plant Pathology, Oregon State University, oral

communication).

The var. achilleoides-v3.r. leucophyllum transi-

tion region in southwestern Oregon offered an
opportunity to plot the distribution of diploid

and polyploid populations and to examine the

extent of barriers to interbreeding between the

two taxa. Mooring (2001) had reported three

diploid and two tetraploid populations in Curry,

Douglas, Jackson, and Josephine Counties. The
Douglas County population, a tetraploid, was
clearly var. leucophyllum, three other populations

were var. achilleoides. The fifth population a

diploid, was somewhat intermediate, but assigned

to var. achilleoides. The only artificial hybridiza-

tion between vars. achilleoides and leucophyllum

did not use populations from southwestern
Oregon (Mooring 2001, Appendix 1). A more
intensive biosystematic study of both varieties in

the Pacific Northwest could assess barriers to

interbreeding and might suggest the extent of the

hybrid zone. Here, I report the results of
cytogeographic and artificial hybridization stud-

ies in E. lanatum vars. achilleoides and leucophyl-

lum in Oregon and Washington, and discuss the

results in the context of a previous study

(Mooring 2001).

Materials and Method

Plants

Fruits or plants were collected from the

populations listed in Appendices 1 and 2.

Growth Conditions

Black and thick fruits were germinated in

vermiculite or in vermiculite-soil mixtures. Seed-

lings were potted in commercial potting mixtures.
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"UC Soil Mix" or Orchard Supply Hardware soil

mix with fertilizer ( 12% N, 12% P, 6% K) added.

The latter mix gave better results. Seedlings were
grown in an unheated greenhouse at Santa Clara

University. Most seedlings were transplanted to a

local garden within 5-6 mo because they outgrew
the pots and were damaged by white flies. Most
garden plants were allowed to grow for at least

two years (until they died of natural causes or

had to be removed because space was needed for

another crop).

Meiotic Analyses

Young capitula of wild, garden, or greenhouse
plants were fixed in 1:3 acetic ethanol or in 1:3:6

acetic-chloroform-ethanol. Quickly placing col-

lections in an ice-filled cooler usually improved
fixation (Anderson 1966). Microsporocytes in

acetocarmine or aceto-orcein squashes were
examined by light or phase contrast microscopy
at diakinesis or first metaphase. Aceto-orcein

usually gave better preparations.

Artificial Hybridizations

Because some northwestern plants did not

flower synchronously or at all, only 14 hybrid

combinations were possible. Bagging experiments

and decades of growing plants of this species

complex show the plants to be highly self-

incompatible. Pollination was done by rubbing

together capitula of isolated greenhouse plants

over 3-8 d.

Pollen Fertility Estimates

Pollen was sprinkled on a slide, a drop of cotton

blue-lactophenol was added and the drop was
swirled around before the coverslip was applied.

The grains were stained overnight before being

examined at lOOx to 400X magnification. Plump,
dark blue grains were scored as viable. Over 98%
of the estimates rest on 300+ grains per sample,

with each plant being sampled twice, on different

days. No sample had fewer than 150 grains.

Statistical Analyses

Statistical significance of differences in percent-

age pollen fertility among progenies was assessed

by a one-tailed t-test using a Sigmastat program.

Results

Cytogeography

This study added chromosome counts for 16

populations from Oregon, 1 from Washington,
and 1 from California (Appendix 1) to a previous

report (Mooring 2001). All but three populations

were var. achiUeoides or var. leucophyllum or

intermediates between these taxa. The counts
included two diploid and two tetraploid popula-
tions of var. achiUeoides, three diploid, three

tetraploid, and one hexaploid population of var.

leucophyllum, and one diploid, two tetraploid,

and one hexaploid population of intermediates

(Appendix 1 ). The exact number of chromosomes
in the two hexaploid-level populations was
unclear; determinations of 23-24 II and 23-25
II were entered for, respectively. Populations 334
and 346. The count for Population 346 is a first

report of a hexaploid in var. leucophyllum.

Appendix 1 also lists a count of 8 II in var.

grandiflorum, a first report for the occurrence of

that variety in Oregon, and counts of 8 II for two
populations of var. lanceolatum.

The diploid and polyploid populations found
in the present study were not randomly distrib-

uted. In respect to var. leucophyllum populations,

the diploids were in northernmost Oregon. Three
of the four polyploid ones were in central and
southwestern Oregon, interspersed with diploid

and polyploid populations of var. achiUeoides

and populations intermediate between the two
varieties. The intermediates are Populations 338,

diploid, 339 and 335, tetraploid, and 334,

hexaploid (Appendix 1). Some individuals of

the intermediates averaged taller than plants of

nearby populations of var. achiUeoides (336, 350)

and had ternately divided as well as pinnately

divided leaves, similar to the description of

Eriophvllum ternatum Greene (see Cronquist

1955, p. 196).

Supernumerary Chromosomes

Chromosomes in excess of the basic comple-

ment, here called "supernumerary" chromo-
somes, were present in diploid populations 338
and 355 and in tetraploid populations 335 and
337. When two supernumeraries were present

they remained unpaired or formed a bivalent.

Three of the plants analyzed in Population 338
had one supernumerary chromosome; one plant

had two (Appendix 1). These chromosomes were

transmitted or increased in number in artificial

hybridizations (Table 1, crosses 10 and 11).

Artificial Hybridizations

Of the 1 5 hybridizations reported in this study,

aspects of those numbered 1, 2, 3, 4, 7, 9, 10, and
1 1 (Table 1 ) have been published in parts of a

longterm investigation of the E. lanatum complex
(Mooring 2001, 2007).

Germination. Germination varied more in

diploid (3%^4%) than in tetraploid progenies

(9%-22%) (Table 1). Mean germination, howev-
er, did not differ significantly between the diploid
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(23% ± 14%) and the tetraploid progenies (18%
± 8%). Likewise, mean germination did not vary

significantly in the progeny of diploid varietal

combinations: 29% ± 9% for achilleoides X
achilleoides, 16% ± 14% for leucophyllum X
leucophy/lwn, 29% ± 22% for achilleoides X
leucophyllum, and 15% ± 17% for achilleoides-

leucophyllum intermediate X achilleoides. Per-

centage germination in the only achilleoides-

leucophyllum intermediate X leucophyllum prog-

eny was 14%.

Pollen fertility variability. Pollen fertility varied

widely within most diploid progenies, up to 58

percentage points. Wide ranges were more
frequent in Crosses 1, 2, 9, 10, and 11, which

used parents from the Calistoga, California, or

Dillard, Oregon, populations. Pollen fertility

ranges in tetraploid progenies were much nar-

rower, 3-20 percentage points (Table 1).

Mean pollen fertility for the progenies of the

diploid varietal combinations was 80% ± 18%
for achilleoides X achilleoides, 90% ± 11% for

leucophyllum X leucophyllum, 74% ± 15% for

achilleoides X leucophyllum, and 68% ± 13% for

the achilleoides-leucophyllum intermediate X var.

achilleoides. Pollen fertility was 81% ± 13% for

the single achilleoides-leucophyllum intermediate

X var. leucophyllum progeny. The mean of means
for these varietal combinations was approximate-

ly the same as the means given above (Table 1 ).

Mean pollen fertility for the progenies in the

three tetraploid combinations (86%-98%) was
much higher than the diploid combinations
(Table 1, Crosses 12, 13, and 14).

Mean pollen fertility in diploid progenies. With-
in the var. achilleoides X var. achilleoides

progenies and within the var. achUleoides X var.

leucophyllum progenies, mean pollen fertilities did

not differ significantly (Table 2, Crosses 1^ and
7-8). In the var. leucophyllum X var. leucophyllum

progenies, mean pollen fertility was significantly

lower (P < 0.01) in the Rowena X Shepperd's

Falls progeny than in the Silver Falls X Rowena
progeny (Tables 1, 2, Crosses 5 and 6). In the var.

achilleoides-var. leucophyllum intermediate X var.

achilleoides crosses, the mean pollen fertilities of
the two progenies did not differ significantly

(Table 1, Crosses 9 and 10), but the Dillard X
Calistoga one (Cross 9) differed significantly (P <
0.05) from three of the four var. achilleoides X
var. achilleoides progenies (Tables 1, 2, Crosses 1,

3, and 4).

In the single var. achilleoides-var. leucophyllum

intermediate X var. leucophyllum cross, mean
pollen fertility differed significantly (P < 0.01)

from the var. achilleoides-var. leucophyllum
intermediate X var. achilleoides progeny. The
Population 338 parent in the two crosses came
from different plants (Table 1, Crosses 9 and
11).
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Parent-progeny pollen fertility differences. In

the eight crosses among diploids where parental

pollen fertility was known, mean pollen fertility

in five progenies was lower by 11% 22%, and in

three crosses it was higher by 1%-11%. In the

three tetraploid crosses, pollen fertility equaled or

was higher (19%, 25%) than that of the parents

(Table 1).

Meiotic Pairing

Tetraploids were not examined. Diploids

formed 8 II at diakinesis or metaphase in the

progeny of six of the ten crosses where microspo-

rocytes could be studied. In Crosses 6 and 7, 8 II

was the norm, but some 7 II + 2 I configura-

tions were seen, as well as one apparent bridge-

fragment in Cross 7 (Table 1). One or two
supernumerary chromosomes were present in the

progeny of Crosses 9 and 10, where parent S338-4

had one supernumerary chromosome, and Cross

1 1, where parent S338-6 had two (Table 1 ).

Discussion

Systematics

Eriophyllum lanatum var. leucophyllum (DC.)
W. R. Carter extends from southwestern Oregon
to the Columbia River, thence eastward to

approximately Hood River, Oregon, north in

the Cascade Mountains and coastal regions of

Washington to southwestern British Columbia.
To the east, var. leucophyllum intergrades with

var. lanatum. Constance (1937) included var.

leucophyllum in var. lanatum, considering it to be

a western expression of var. lanatum. Mooring
(2001), relying on morphological and ecological

information, and using results from artificial

hybridizations, believed that the western popula-

tions of var. lanatum {sensu Constance 1937) were

best treated as var. leucophyllum (DC.) W. R.

Carter. The results of artificial hybridizations

using four populations indicated strong barriers

to interbreeding between the var. lanatum and
var. leucophyllum populations.

Variety achilleoides (DC.) Jepson ranges from
central Oregon and extreme northwestern Ne-
vada south to San Luis Obispo County in coastal

California. In the North Coast Ranges of

California, it intergrades with var. arachnoideum

(Fisch. & Ave-Lall.) Jeps. to the west and with

var. grandijlorum to the east. In the North Coast
Ranges, 36 of 66 populations of vars. achilleoides,

arachnoideum, and grandiflorum or intermediates

between vars. achilleoides and grandiflorum or

between vars. achilleoides and arachnoideum were
polyploid, including 18 of the 19 intermediates

(Mooring 2001).

Variety achilleoides consists of regional clusters

of populations. Constance (1937, p. 87-88) ob-

MOORING: ERIOPHYLLUM HYBRID ZONE
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Table 2. Statistically Significant Differences in Pollen Fertility Between Crosses. Crosses are

numbered as in Table 1.

Cross comparison P value

5. Rowena X Silver Falls vs. 6. Rowena X Shepperd's Falls <0.01
3. Prospect X Los Gatos vs. 7. Lower Lake X Bonneville <0.05
9. Dillard X Calistoga vs. 1. Calistoga X Calistoga <0.05
9. Dillard X Calistoga vs. 3. Prospect X Los Gatos ' <0.05
9. Dillard X Calistoga vs. 4. Litchfield X Prospect <0.05
9. Dillard X Calistoga vs. 11. Dillard X Rowena <0.01

served that two major groups of populations were

present, the "typical race" of the North Coast
Ranges and a ''somewhat different population" of

the Klainath region of CaHfornia and Oregon. My
conclusions differ; three major and widespread

intergrading regional phases can be distinguished

in var. achiUeoides, as well as one local phase.

Phase 1 occurs from San Luis Obispo County to

approximately Tehama County in California.

Phase 2 occurs in northwestern California and
southwestern Oregon (the Klamath area). Phase 3

occupies more arid regions than Phase 2, with

which it smoothly intergrades, occurring in

northeastern California, the northwestern corner

of Nevada, and southeastern Oregon as far north

as Harney County. Generally, Phase 3 popula-

tions consist of smaller plants than those of Phase
2 (some populations appear to have been intro-

gressed by var. integrifoliiim (Hook.) Smiley.) The
local phase, including some populations treated as

Eriophyllum Cusickii Eastw. by Eastwood and E.

ternatum by Greene (Constance 1937, p. 88)

centers in the Ashland to Medford area of

southwestern Oregon. Cronquist (1955, p. 196)

noted that taller plants, often with ternately

divided leaves, replaced individuals with pinnately

divided leaves, and commented they "are possibly

best considered a distinct variety." Morphologi-
cally, these populations appear to provide a

continuum between vars. achilleoides and leuco-

phvllum, being intermediate in respect to charac-

ters that can be used to distinguish modal
populations of the two varieties (Table 3).

A massive root system, abundance of root

buds, and the clumped nature of the plants

characterized the natural populations of var.

leucophyllum that I examined. Some of these

populations appeared to consist of one or more
clones. What appeared to be separate plants were
connected by tough roots (not rhizomes), e.g.,

337, 340. The characters noted in Table 3 largely

persisted in cultivation. The massive root system

was especially noticeable. The root system of a

single plant, and the shoots that arose from root

buds, usually filled a 5-inch pot so completely

that it was difficult to remove the plant. In garden
culture, individuals had a diameter of up to

1.5 m, and spread by new shoots arising from
root buds. Some garden plants produced 15-30

flowering stems, others had not flowered after

three years. A massive root system was not

evident in the natural populations of var.

achilleoides that I looked at in southwestern

Oregon (Appendix 1). Most were ± taprooted.

Massive root systems, however, developed in

greenhouse and garden plants of var. achilleoides

populations 348 and 349.

A massive root system was present to some
degree in nature and in cultivation in the

populations I treated as intermediate between
vars. achilleoides and leucophyllum. That root

system was best developed in Population 334
(hexaploid) and 335 and 339 (tetraploid), less well

developed in 338 (diploid), except in cultivation.

Cytogeography i|

The diploid and polyploid populations of vars.

leucophyllum and achilleoides and the achilleoides-

leucophyllum populations identified in this study
I

Table 3. Major Differences Between Modal Populations of var. achilleoides Phase 1 and var.

leucophyllum.

Character Var. achilleoides Var. leucophyllum

Root system taprooted, slight fibrous, massive

Root buds absent abundant
Individuals single often clumped
Life span annual?, biennial. longer-lived

short-lived perennial. perennial, often

often flowering the not flowering the

first year first year

Leaves ±crispate, gray- ± plane, white-

woolly beneath woolly beneath
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var. achilleoides 0 2x, • 4x,

intermediates A2x, A4x, A6x,

var. leucophvllum 2x, 4x, U 6x,

Fig. 1. Distribution of diploid, tetraploid, and hexa-
ploid populations of Eriophyllwn kmatwu var. achil-

leoides, var. leiicopliyllum, and var. achilleoides-vdx.

leucophyllum intermediates in British Columbia, Wash-
ington, Oregon, and northern California. Not all the

California populations are shown; see Fig. 1 and 2 of
Mooring (2001) for more detail.
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and a previous one (Mooring 2001) were not

randomly distributed.

In respect to var. leucophyllunu the 12 north-

ernmost cytodemes were diploid, extending from
British Columbia to Pierce, Kittitas, and Yakima
counties in Washington (Fig. 1, Appendices 1, 2).

Southwestern Washington and northwestern
Oregon had four tetraploids and five diploids.

Most were close to the Columbia River. The
easternmost diploid population {342) showed
some features of var. kmatimu with which var.

leucophyllum intergrades along the Columbia
River. Two other var. leucophyllum diploid

populations were farther south, in Marion
County, Oregon. South of them were var.

leucophyllum tetraploid populations in Lane,

Linn, and Douglas counties and a morphologi-
cally aberrant hexaploid in Coos County.

Variety achilleoides cytodemes in Oregon and
northernmost California were diploid except for

three tetraploids in southwestern Oregon (Fig. 1,

Appendices 1, 2). Differentiating between vars.

achilleoides and leucophyllum becomes increasing

difficult from approximately Roseburg to Ash-
land, Oregon. In this region, a mixed pattern of

diploid and polyploid populations of both
varieties and their intei-mediates occurs. Here, in

Douglas, Josephine, and the western portion of

Jackson counties, six populations were polyploid

{18, 337, 335, 339, 334, 62) and five were diploid

{92, 173, 338, 336, 350). Populations 334, 335,

336, 337, 338, 339, and 350 were grown in

greenhouse or garden culture, or both. I regarded

334, 335, 338, and 339 as var. achilleoides-var.

leucophyllum intermediates, 18 and 337 as var.

leucophyllum, and 92, 173, 336, 62, and 350 as

var. achilleoides (Appendices 1, 2; Fig. 1).

The morphological intermediacy of the poly-

ploids and their lack of multivalents suggest

allopolyploidy. I recorded counts of 17 II in

Population 335, 17-18 II in Population 337, 23

24 II in Population 334, and 23-25 II in

Population 346. The presence of two extra

chromosomes in Population 335 may be an
instance of aneuploid numbers generated by
neopolyploids (see Ramsey and Schemske 2002,

pp. 601-607). Alternatively, the chromosomes in

excess of the basic complement may be supernu-

meraries, as in the diploid populations 338 and
355 (Appendix 1). The variation in number of

chromosomes in Populations 337, 334, and 346
may reflect errors in counting chromosomes
in ''difficult" preparations. Alternatively, it may
be a matter of aneuploid numbers or supernu-

merary chromosomes as noted above for Popu-
lation 335.

Supernumerary Chromosomes

Supernumerary chromosomes are known in

six of the ten varieties of Eriophyllum laiuitum.

MOORING: ERIOPHYLLUM HYBRID ZONE
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Their frequency in individuals and populations

of var. achilleoides was 8/85 (9%) and 8/61

(13%), respectively, in var. leiicophvlhmi 6/37

(16%) and 6/29 (21%) (Mooring 2007). Artificial

hybridizations have shown that the pollen and
the seed parent can transmit or increase the

number of supernumerary chromosomes in vars.

achilleoides and leucophylhmi (Mooring 2007).

Three of the plants analyzed in Population 338,

intermediate between vars. achilleoides and
leucophyUunu had one supernumerary chromo-
some; one plant had two. In artificial hybrid-

izations these chromosomes were transmitted or

increased in number (Table 1, Crosses 10 and
11).

Eriophylhmi kmatum populations with super-

numerary chromosomes were not randomly
distributed. Their frequency was higher in regions

where the varieties are sympatric or nearly so

(Mooring 2007). Mooring (2007) hypothesized

that these supernumerary chromosomes could

originate by hybridization between chromosom-
ally differentiated populations, especially in

regions where the varieties are sympatric or

nearly so. Do these supernumerary chromosomes
remain in populations because they are transmit-

ted or increased in number by meiotic mecha-
nisms? Neutral or even deleterious gene combi-
nations could be maintained in this way.
Alternatively, I speculate, that some supernumer-
ary chromosomes could persist in E. kmatiun

populations because they are the chromosomal
equivalents of the transposable genetic elements

found in maize and other species. Reserves of

genetic variability are potentially adaptive, espe-

cially in hybrid zones with a variety of environ-

ments, including ecologically marginal ones, e. g.,

southwestern Oregon.

Barriers to Interbreeding

Components of interbreeding. In an elegant

essay, Ornduff (1969) epitomized interbreeding as

a succession of three related events: "relative

crossability'" (pollination, fertilization, and mat-
uration of the seed), "progeny establishment"

(germination, growth, and maturation of the

offspring), and "fertility of the progeny." Infor-

mation obtained from greenhouse and garden
studies cannot be uncritically applied to inter-

breeding in natural populations. However, Orn-
duff s (1969) "relative crossability" and "progeny
establishment" have a higher chance of success

under greenhouse and garden conditions than

under field conditions. Therefore, it seems likely

that barriers to interbreeding are higher under
natural conditions than under artificial ones.

Criteria for assessing harriers to interbreeding.

To assess differences in barriers to interbreeding,

I relied mainly on percentage pollen fertility in

the progeny of the crosses and percentage change
in pollen fertility between the means for the

progeny and the means for their parents.

Differences in percentage germination could be
an important indicator of another isolating

mechanism, but in the present study percentage

germination could be misleading for two reasons.

First, dark and thick fruits may not have a viable

embryo or the embryo may not be able to

penetrate the seed and fruit coats (probing the

fruits to identify those with embryos improves the

validity of the percentage germination criterion).

Second, germination was staggered. Within a lot,

most seedlings came up within 6-14 d; others

required up to 30. The conditions of my study

required seedlings be transplanted to pots within

about three weeks after the first seedlings of that

lot appeared. Other factors influencing inter-

breeding are meiotic aberrations and Fl vigor. In

this study, conspicuous differences among prog-

enies in meiotic pairing and Fl vigor were usually

not apparent.

Caveats. 1 ) Assessing pollen fertility by staining

techniques has limitations (see Stace 1980). Also,

in this study some pollen grains in some hybrid

combinations showed a continuum of intermedi-

ate conditions of plumpness and staining. I

evaluated some intermediate pollen grains as

fertile. Therefore, pollen fertility in some hybrid

combinations may be slightly lower than my
estimates. 2) As to differences in pollen fertility

between parents and progeny, low pollen fertility

in one parent lowers the average fertility, thus

decreasing the validity of this criterion. For
example, in Crosses 4 and 1 1 the mean pollen

fertility of the progeny was higher than that of

the mean of the parents. But, the pollen fertility

of the parents in each cross differed substantially,

60% and 98%, and 61% and 85%, respectively. 3)

Crosses other than 6 and 7 showed no evidence of

chromosomal structural changes at diakinesis or

first metaphase. Jackson (1984) has noted that

study of pachytene stages might reveal these \

changes.

Barriers to interbreeding within var. achilleoides.

No significant differences in mean pollen fertil-

ities or other barriers to interbreeding were

observed in var. achilleoides X var. achilleoides

progenies despite the distance and environmental

and other differences between the Oregon and
California populations (Tables 1, 2, Crosses

1-4).

Barriers to interbreeding within var. leucophyl-

Iwn. Only two interpopulation crosses were

possible within var. leucophyllwn. Both involved

Oregon populations, Rowena X Silver Falls, and
Rowena X Shepperd's Falls (Tables 1, 2, Crosses

5 and 6). The mean pollen fertilities of the pro-

genies, 95% ± 5% and 81% ± 12%, respectively,
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differed significantly, P < 0.01. Interestingly,

mean percentage germination in Rowena X
Silver Falls was only 8%, contrasting with its

95% pollen fertility. Some cells of a Rowena X
Shepperd's Falls plant formed 7 II + 2 I,

suggesting the possibility of chromosomal re-

structuring (Table 1 ).

The mean percentage pollen fertility of 95%
seemed astonishingly high in the progeny of the

Rowena X Silver Falls reciprocal cross. Eight of

the ten plants had pollen fertilities of 95%-99%, a

percentage that would be unusual even in

intrapopulation crosses. The available evidence

suggests that the high pollen fertility in this

progeny did not result from frequent self

pollination induced by human rather than

natural polHnations. The mean pollen fertility of

progenies of the reciprocal crosses were 96% and
94% (Table 1, Crosses 5a and 5b), and the lowest

pollen fertility in any of the progenies was 84%. It

is unlikely that high percentages of selfmg would
occur in both seed parents. Evidence supporting

frequent selfmg in Populations 341 and 342 is

scanty. Plants of Population 341 (Silver Falls)

were seed parents in a total of three other

interpopulation crosses; mean pollen fertilities in

the progenies were 65%-78%. Plants of Popula-

tion 342 (Rowena) were seed parents in a total of

six other interpopulation crosses; mean pollen

fertilities in the progenies were 49%-88%. Of the

total of 39 plants in both sets of progenies, only 5

had pollen fertilities of 90%-94%. Rather than

frequent self polHnation, the 95% mean pollen

fertility in the Silver Falls X Rowena progenies

most probably resulted from recombination.

Recombinations yielding higher than average

fertility would be advantageous under natural

conditions, providing, of course, that such geno-

types would be otherwise fit. See Arnold (1997,

Chapter 6) for discussions of natural hybridiza-

tions leading to new evolutionary lineages.

Barriers to interbreeding between var. achil-

leoides and var. leucophyUiim. The presence of

some 7 II + 2 I configurations and a bridge-

fragment in the Lower Lake X Bonneville

progeny suggests the possibihty of an inversion

and perhaps other chromosome rearrangements.

Percentage germination, however, was relatively

high. The mean pollen fertilities of the two var.

achilleoides X var. leucophyUum progenies did not

differ significantly. The mean pollen fertility of
the Lower Lake X Bonneville progeny, however,
differed significantly (P < 0.05) from the var.

achilleoides X var. achilleoides progeny. Prospect
X Los Gatos (Table 2, Crosses 3 and 7).

Barriers to interbreeding between a var. achil-

leoides-var. leucophyUum intermediate and
var. achilleoides. Population 338, Dillard, Ore-
gon, is a var. achilleoides-var. leucophyUum
intermediate. Plant S338-4, with one supernu-

merary chromosome, was used in the Dillard X
Calistoga, California, and the Dillard X Galice,

Oregon crosses. The progeny included plants

with one or two supernumerary chromosomes,
indicating that these chromosomes can be trans-

mitted or increased in number (Mooring 2007).

Mean pollen fertilities of the progenies were

similar, 69% ± 11% and 64% ± 20%, respec-

tively. These means were 22% and 19% lower,

respectively, than the averages of their parents

(Table 1, Crosses 9 and 10). Mean pollen fertility

in the Dillard X Calistoga progeny differed

significantly (P < 0.05) from the following var.

achilleoides X var. achilleoides progenies: Calis-

toga X Calistoga, Litchfield X Prospect, and
Prospect X Los Gatos) (Table 2, Crosses 1, 3, 4,

and 9). The Calistoga and Los Gatos populations

are Phase 1 of var. achilleoides; the Litchfield and
Prospect populations are Phase 2. In Cross 10,

Dillard X Galice, mean pollen fertility of the

progeny did not differ significantly from the var.

achilleoides X var. achilleoides progenies noted

above (Table 2). Percentage germination, howev-
er, was 3%, and only 4 of the 15 progeny flowered

(Table 1).

Barriers to interbreeding between a var. achil-

leoides-var. leucophyUum intermediate and
var. leucophyUum. Population 338, Dillard, Ore-

gon, is a var. achilleoides-ya.r. leucophyUum
intermediate. Plant S338-6, with two supernu-

merary chromosomes, was crossed to a var.

leucophyUum plant from a Rowena, Oregon
population. One or two supernumeraries were
transmitted to five of the six progeny (Mooring
2007). Mean pollen fertility of the progeny (81%
± 13%) was significantly higher (P < 0.01) than

that of the Population 338 X var. achilleoides

progeny (69% ± 11%), suggesting that barriers to

interbreeding are less well developed between
Population 338 and var. leucophyUum than

between Population 338 and var. achilleiodes

(Tables 1, 2, Crosses 9, 10, and 11).

Comparisons of pollen fertilities. Mean pollen

fertilities in the progenies of diploid crosses

involving var. achilleoides, var. leucophyUum,

and Population 338, intermediate between the

two varieties, were 64%-81%, averaging 78%
(Table 1), much higher than mean pollen fertil-

ities reported for other intervarietal crosses in the

E. lanatum complex (Mooring 2001). In the 2001

study, ranges for low, medium, and high mean
pollen fertilities were set at 22%^0%, 42%-58%,
and 60%-76%, respectively (Mooring 2001,

Table 7). Barriers to interbreeding do not seem
to be well developed among var. achilleoides, var.

leucophyUum, and Population 338, if pollen

fertility is used as a criterion for assessing such

barriers. However, the possibility that the super-

numerary chromosomes in Population 338 pro-

moted higher pollen fertility has to be considered.
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Conclusion

The geographic distribution of diploid and
polyploid populations in E. lanatum vars.

achiUeoides and leucophyllum, and intermediates

between these two taxa in southwestern Oregon
portrays a familiar pattern in the E. lanatum

species complex: polyploid populations predom-
inate in regions where infraspecific taxa meet.

The relatively high pollen fertility in the

progenies of artificial hybrids in this study

suggests that barriers to interbreeding between
vars. achiUeoides and leucophyllum are relatively

low in southwestern Oregon. The capacity to

produce fertile hybrids from crosses between
taxa accounts for some of the difficulty in

deciding on taxonomic designations for inter-

mediate populations. Also, low barriers to

interbreeding increase the probability of produc-

ing genotypes leading to new evolutionary

lineages, the "evolutionary novelties" of Arnold
(1997, Chapter 6). The geological antiquity,

relatively benign climate, and the topographic

and edaphic diversity of southwestern Oregon
(Hunt 1974) increase the chances of new and
successful evolutionary lineages. The popula-

tions characterized as Eriophyllum ternatuin'

(see Cronquist 1955, p. 196) may be examples of

such lineages.

Polyploid populations in Oregon largely bridge

the gap between the diploid var. leucophyllum

populations of British Columbia and Washing-
ton, and the diploid var. achiUeoides populations

of northern California and southwestern Oregon.

If the Oregon polyploid populations identify a

history of natural hybridizations, then the hybrid

zone may extend from the Columbia River to the

Siskiyou Mountains of southwestern Oregon and
northwestern California. Some features of what I

have termed "Phase 2'' of var. achiUeoides may
reflect the introduction of genes from var.

leucophyllum.

Molecular level studies might define the extent

of the hybrid zone, indicate whether vars. grand-

iflorum and lancelolatum are involved in the

taxonomic complexity in the Siskiyou Moun-
tains, and find if clines are present.
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Appendix 1

Unpublished 2a^ Chromosome Counts in the
Eriophyllum lanatum Complex

The county name follows the state name. The first

number is that of the population, the second is my
collection number. Voucher specimens have been
deposited in SACL. Counts are for one plant, unless a

number in parentheses shows more. Locations are

approximate. Populations used in artificial hybridiza-

tions (Tables 1, 2) are in bold print.

E. lanatum (Pursh) Forbes var. achiUeoides (DC.) Jepson

OREGON: JOSEPHINE, 336. 3999, 8 H, Granite Hill

Road, Grants Pass: 350, 4017, 8 II (2), near GaUce.

CURRY, 348, 4015, 16 II, hwy 33 between Gold Beach

and Agness: 349, 4016, 16 II (2), junction of hwys 33 and
23 near Agness.

E. lanatum (Pursh) Forbes var. leucophyllum (DC.) W.
R. Carter

OREGON: MARION, 341, 4004, 8 II, near Silver Falls

State Park. MULTNOMAH, 355, 4030, 8 II, 8 II + 2 I,

near Shepperd's DeU State Park. WASCO, 342, 4005, 8

II (3), near Rowena along old hwy 30. DOUGLAS, 337,

4000, 16 II, 17 18 II, near Azalea. LANE, 340, 4003, 16

II, between Elmira and Monroe.
COOS, 346, 4013, 23-25 II, near Bridge.

WASHINGTON: WAHKIAKUM, 344, 4011, 16 II,

along Columbia River near Cathlamet.

Var. achiIleoi(ies-\ar. leucophyllum intermediates.

OREGON: DOUGLAS, 338, 4001, 8 II + 1 I (3), 8 II +
2 I or 9 II, near Dillard: 339, 4002, 16 II, near Yoncalla.



MOORING: ERIOPHYLLUM HYBRID ZONE 2792008]

JACKSON, 335, 3998, 17 11, near Central Point; 334.

3997, 23-24 II, near Emigrant Lake.

E. lanatum var. grandiflorum (A. Gray) Jepson

OREGON, JOSEPHINE, 351, 4018, 8 II, near O'Brien

on road to Happy Camp.
E. lanceolatum (Howell) Jepson

OREGON, JOSEPHINE, 352, 4019, 8 II, ca. 15 mi N
of Happy Camp.
CALIFORNIA, SISKIYOU, 353, 4020, 8 II, 9 mi N of

Happy Camp on road to O'Brien.

Appendix 2

Previously Published 2n Chromosome
Counts in the Eriophyllum

LANATUM Complex

The name of the county follows that of state. The
first number is that of the population, the second is my

collection number. Voucher specimens have been
deposited in SACL. Locations are approximate. Pop-
ulations represented in artificial hybridizations (Ta-

bles 1 and 2) are in bold print.

E. lanatum (Pursh) Forbes var. achilleoides (DC.) Jepson

CALIFORNIA: Colusa, 149, 2073, Wilbur Springs, 16

II. Lake, 120, 1913, Kelseyville, 8 II; 121, 1916, Lower
Lake, 8 II. Lassen, 242, 3125, Litchfield, 8 II. Napa,
118, 1908, Calistoga, 8 II. Santa Clara, 38, 1375, Los
Gatos, 8 II (5).

OREGON: Curry, 347, 4014, Gold Beach, 8 II. Jackson,

173, 2158, Mt. Ashland, 8 II; 275, 2495, Prospect, 8 II.

Josephine, 92, 1576, Sunny Valley, 8 II; 62, 2260, Selma,

16 II.

E. lanatum (Pursh) Forbes var. leucophyllum (DC.) W.
R. Carter

OREGON: Douglas, 18, 1056, Whistlers Bend State

Park, 16 II, 16 II + 1 I. Multnomah, 167, 2147,

Bonneville, 8 II.

\
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Abstract

Previous phylogenetic and biogeographic studies of lochroma (Solanaceae) suggested that /.

ayabaceuse S. Leiva is a hybrid between /. cyaneiim (Lindl.) M. L. Green and /. lehmannii Bitter.

Chromosome counts for these three taxa demonstrate that all have a haploid chromosome number of

n = \2, and thus that the formation of /. ayabaceuse did not involve changes in ploidy level. A
comparison of vegetative and floral morphology revealed that /. ayabaceuse demonstrates a striking

intermediacy between /. cyaueinii and /. lehmannii. The results support the conclusion that /.

ayabacense is a homoploid hybrid between /. cyaneimi and /. lehmannii.

Resumen

Estudios filogeneticos y biogeograficos de lochroma han sugerido que /. ayabacense S. Leiva es un
hibrido entre /. cyaneiim (Lindl.) M. L. Green y /. lehmannii Bitter. Recuentos de cromosomas defmen
un numero haploide de n = 12 para estas especies y asi indican que la formacion de /. ayabacense no
involucre un cambio en el nivel de ploidia. Una comparacion de la morfologia vegetativa y floral

revelo que /. ayabacense tiene un forma intermedia entre /. cyaneiim and /. lehmannii. Estos resultos

respaldan la conclusion que /. ayabacense es un hibrido homoploide entre /. cyaneiim y I. lehmannii.

Key Words: Amotape-Huancabamba, chromosome number, homoploid hybridization, lochroma,

Solanaceae.

Interspecific hybridization has long been rec-

ognized as an important generator of diversity in

flowering plants (Grant 1981; Rieseberg 1997).

Hybrid speciation can occur via two modes:
allopolyploidy, in which the hybrid exhibits twice

the chromosome number of its parental species,

and homoploidy, in which the hybrid has the

same ploidy as both parents (Arnold 1997).

Allopolyploidy is considered to be the more
common mode of hybrid speciation because the

change in chromosome number creates an instant

reproductive barrier between the hybrid and its

parents, facilitating persistence of the hybrid

species (Ramsey and Schemske 1998; Chapman
and Burke 2007). However, theoretical work
suggests that homoploid hybridization can also

lead to stable hybrid lineages (Buerkle et al.

2000), either though recombinational speciation

(Stebbins 1959; Grant 1981) or through ecolog-

ical selection favoring novel hybrid phenotypes
(Rieseberg et al. 1999). While the number of clear

examples of homoploid hybrid speciation re-

mains small (Rieseberg 1997), combining molec-

ular phylogenetic studies with traditional lines of

evidence holds promise for detecting additional

instances (e.g., Ferguson and Sang 2001; Ho-
warth and Baum 2005). Here we apply cytolog-

ical and morphological evidence to examine the

case of lochroma ciyabacense, a species suspected

of hybrid ancestry based on recent molecular

phylogenetic studies (Smith and Baum 2006).

lochroma is a genus of approximately 25

species distributed throughout the northern
Andes, from Colombia to Peru. Based on
conflicting placement across gene trees. Smith
and Baum (2006) identified three suspected

hybrid taxa in lochroma, of which /. ayabacense

provided perhaps the most compelling case. In

phylogenetic analyses of three nuclear regions

(ITS, LFY mivon II and waxy), I. ayabacense was
found to contain "divergent" alleles, which fell

either in the /. cyaneum group or in the /.

lehmcmnii-I. squamosum group (Smith and Baum
2006). We consider /. squamosum S. Leiva and
Quipuscoa a synonym of /. lehmannii and will

treat it as such in this paper. This phylogenetic

information together with the geographic distri-

bution of /. ayabacense strongly suggested that it

is the product of hybridization between /.

lehmcmnii and /. cyaneum. In this paper, we
examine the morphological features of /. ayaba-

cense relative to its putative parents, and report

on the results of chromosome counts undertaken

to determine whether the formation of /.

ayabacense involved a change in ploidy level.

Methods

' Current address: Department of Biology, Box
90338, Duke University, Durham, NC 27705.

/. ayabacense occurs exclusively in the environs,

of Ayabaca, Peru, near populations of both /.
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Fig. 1. Geographic distribution of study taxa. Circles

are sites where /. cyaneum has been collected and
squares where /. lelimanuii has been collected. /.

ayahacense is only found in Ayabaca, Peru, indicated

by the star.

cyaneum and /. lehmannii (Fig. 1). Buds for

chromosome counts were collected from individ-

uals of /. aycibacense and /. lehmannii near

Ayabaca, and buds from /. cyaneum were
collected from a greenhouse-grown accession.

Vouchers for these sources are given in Appendix
1. The buds, ranging from 4-20 mm in length,

were fixed in Camoy's solution (3 parts chloro-

form: 2 parts ethanol: 1 part acetic acid) for 12

24 hr and then transferred to 70% ethanol for

storage. Slides of meiocytes stained with aceto-

carmine were prepared using the "squash''

technique outlined by Beeks (1955) and modified

by Kowal (1975) and viewed with a Zeiss standard

WL microscope with a lOOx oil immersion
objective. Twelve cells with chromosomes clearly

visible in a single plane were counted for each
species. Images of meiotic figures from each
species were captured with an Axiocam Hrm
mounted on a Zeiss Axioplan 2 microscope using

the lOOX oil immersion objective.

Information on floral and vegetative morphol-
ogy of /. ayahacense and its putative parents was
compiled from taxonomic descriptions (Bitter

1918; Shaw 1998; Leiva et al. 2003; Leiva and
Lezama 2005) and observations of all available

specimens (see Appendix 1). Fourteen morpho-
logical traits (see Appendix 2) were scored for the

available specimens of the three taxa, and these

data were analyzed using principal components
analysis in JMP 7.0 (SAS Institute Inc., Cary,
NC).
We also measured pollen grain size, which is

known to be positively correlated with ploidy

level (Gould 1957; Kowal 1975). Measurements
of mature pollen grains were taken from individ-

uals used for chromosome counts. Pollen was

stained with gelatin fuchsin, and twenty pollen

grains from each individual were measured to the

nearest 0.1 |j.m using a Zeiss AxioSkop 2

microscope with a 40x objective.

Results

Anthers at roughly two-thirds their mature
length (2.2 mm for /. cyaneunu 2.1 mm for /.

ayahacense and 3.5 mm for /. lehmannii) provided

the best material for chromosome counts. Within
a single flower containing anthers at this size, we
were able to observe all the stages of meiosis I and
II. Some cells could be counted at prophase I and
II, but the most countable stage for all species was
telophase II. Chromosome counts for all species

including /. ayahacense were n = 12 (Fig. 2),

consistent with previous counts in lochroma [I.

cycmeum, n = 12 (Ratera 1961; Mahadavian 1967;

Mehra and Bawa 1969) and I. fuchsioides, n = \2

(Ratera 1961)]. Pollen size for /. ayahacense fell

within the range of the parents (Table 1),

consistent with the fact that all three share the

same ploidy level (Gould 1957; Kowal 1975).

The vegetative and floral features of /.

ayahacense appeared to be largely intermediate

between its putative parents (Table 1). The plant

habit, amount of pubescence, numbers of flowers

per inflorescence, and the form of the flowers

(Fig. 2) fell exactly between /. lehmcmnii and /.

cyaneum. Size measurements (e.g., plant height)

for /. ayahacense were within the ranges observed
in the putative parents although, for a few traits,

such as leaf length, /. ayahacense exhibited a

wider range of variation than the parents. Also,

in some traits, /. ayahacense favored one of the

putative parents. For instance, it largely lacks the

stem scales characteristic of /. lehmcmnii, but its

fruits are nearly included in the accrescent

fruiting calyx, resembling /. lehmannii rather than

/. cyaneum.

Principal components analysis (PCA) provided

additional evidence for the morphological inter-

mediacy of /. ayahacense. Variation across the 14

floral and vegetative traits (Appendix 2) was
largely captured by the first few components, with

components 1 and 2 accounting for 73% (Fig. 3).

The components clearly separate the tree taxa into

discrete clusters in morphospace with /. ayaha-

cense falling between its putative parents (Fig. 3).

Discussion

This cytological and morphological study,

together with existing phylogenetic and biogeo-

graphic information, shows that /. ayahacense is a

homoploid hybrid between /. cyaneum and /.

lehmannii. While the phylogenetic data (Smith

and Baum 2006) provided clear evidence that /.

ayahacense carries alleles derived from both the /.

cyaneum lineage and the /. lehmannii lineage, they
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Fig. 2. Flowers, meiotic figures and pollen grains from /. cyaneum, I. ayabacense and /. lehmannii (top to bottom).

The haploid number of /? = 12 chromosomes is visible in all three taxa.

did not indicate whether /. ayabacense was a

homoploid or polyploid hybrid. The chromosome
counts and the pollen measurements presented

here indicate that /. ayabacense has the same
ploidy level as its parents {n = 12). Also, the

morphological data demonstrate that /. ayaba-

cense is intermediate between its two parents in a

wide array of floral and vegetative traits.

Although the morphological distinctiveness

and cohesiveness of /. ayabacense was deemed

sufficient to merit specific recognition (Leiva and
Lezama 2005), it remains to be seen whether the

species can maintain reproductive isolation from
its parents. At present, populations of /. ayaba-

cense are largely separate from populations of /.

cyanewn and /. lehmannii, perhaps due to

differences in microhabitat preferences (Smith

and Baum 2006). However, extensive searching

during a recent collecting trip revealed one
apparent backcross individual (/. ayabacense X

Table 1. Morphological Differences Among /. cyaneum, I. ayabacense and I. lehmannii. ' This range

is larger than that given in the species description, which appears to have been based on immature fruits.

/. cvcmeum I. ayabacense I. lehmannii

Shrub, 1.5-3 m
Young stems green, densely

covered in branched hairs

Ovate to elliptic, 10-23 cm by
5-10 cm

10-20 flowers per inflorescence

Calyx 5-9 mm, slighty to

markedly inflated in flower

Corolla tubular, 2.5-4 cm long,

deep purple, largely glabrous

but with hairs around the

mouth of the tube

Filaments 2.5^ cm, hairy toward
the base

Anthers 3-4 mm
Pollen 25-33 |im (mean = 28) in

diam.

Style 2^ cm
Berry conical, 1.8-2.5 cm long,

bottom third enveloped in

fruiting calyx

Shrub to small tree, 3^ m
Young stems green or purplish

toward the tips, covered in

branched hairs, with occasional

small triangular scales

Elliptic to lanceolate, 8-22.5 cm by
5-10.5 cm

3-8 flowers per inflorescence

Calyx 5 7 mm, slightly inflated in

flower

Corolla tubular to funnel-shaped,

2.6-4.0 cm, yellow with purple,

interior glabrous, exterior with

few to many hairs

Filaments 1.6-2.2 cm, with sparse

hairs toward the base

Anthers 3.5-6 mm
Pollen 25-33 |im (mean = 28) in

diam.

Style 1.8-2.8 cm
Berry globose to slightly conical,

1-1.5 cm long', largely enveloped

in fruiting calyx

Small tree, 4-10 m
Young stems purplish and covered in

triangular scales

Elliptic to lanceolate, 4-18.5 cm by
2.5-10 cm

2-6 flowers per inflorescence

Calyx 5-7 mm, not inflated

Corolla funnel-shaped to

campanulate, 2-3.5 cm, yellow-

green, interior glabrous, exterior

pubescent

Filaments 1.5-2 cm, glabrous or with

sparse hairs at the base

Anthers 4-7 mm
Pollen 28-33 jam (mean = 30) in

diam.

Style 1.2-1.6 cm
Berry globose to slightly conical,

1-1.6 cm, largely enveloped in

fruiting calyx
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Fig. 3. Principal components analysis of morpholog-
ical measurements from /. cyaneum (solid diamonds), /.

ayahaceme (open diamonds) and /. lehmannii (solid

squares). Component 1 accounts for 60.7% of the

variation, and component 2 for 12.7%.

/. lehmannii), suggesting that introgression re-

mains possible. Also, /. cyaneum, I. lehmannii and
/. ayabacense in Ayabaca are all pollinated by the

same two species of hummingbird, Adelomyia
melanogenys and Coeligena iris (Smith et al.

2008), suggesting that pollen flow could occur

between the species when they occur in close

proximity. However, individual hummingbirds
appear to exhibit preference for particular

lochroma species, thereby limiting interspecific

pollen flow (Smith et al. 2008).

The frequency and evolutionary significance of

interspecific hybridization in lochroma merits

additional investigation. Within the last fifteen

years, nine new species of lochroma have been
described from the area of greatest overlap in

species distributions, the Amotape-Huanca-
bamba zone of Ecuador and Peru, and several

new species have yet to be described (S. Leiva,

HAO, pers. comm.). While a hybrid origin has

been suggested for some of these taxa (Smith and
Baum 2006), at least six of these new (described

and undescribed) taxa have yet to be included in

phylogenetic, morphological and biogeographic

studies. Acknowledging the possibility of hybrid-

ization between lochroma species, it is imperative

to consider the geographic distribution, the

morphological distinctiveness and the stability

of any newly-found form before granting it

recognition as a new species.
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Appendix 1

Herbarium Specimens Used for
Comparative Morphology

Vouchers for chrorhosome counts and pollen mea-
surements are indicated with asterisks.

lochroma ayabacense

*PERU, Piura, Ayabaca, carretera Ayabaca-Yacu-
pampa, 4.6146°S 79.7118 W, S. D. Smith, S. Leiva

G. 337 (HAO, F, MO, NY, USM, WIS), 15/1/04.

PERU, Piura, Ayabaca, 4.6456°S 79.7192"W, S. D.

Smith, S. J. Hall 351 (HAO, F, MO, NY, USM,
WIS), 16/1/04.

PERU, Piura, Ayabaca, Barrio San Jose Obrero,

4.6455 S 79.7178 W, S. D. Smith 500 (QCNE,
WIS), 30/1/05.

lochroma cyaneum
*USA, Wisconsin, Madison, Grown from seed from a

plant grown by W. G. D'Arcy at the Missouri

Botanical Gardens, original collection likely to be

Plowman 4594 from Azuay, Ecuador, S. D. Smith

265 (WIS), 20/V/2003.

PERU, Piura, Ayabaca, carretera Ayabaca-Piura,

4.6514 S 79.7362°W, S. D. Smith, S. Leiva G. 329
(HAO, F, MO, NY, USM, WIS), 14/1/04.

PERU, Piura, Ayabaca, Yacupampa, 4.6194 S

79.7106°W, S. D. Smith, S. Leiva G. 336 (HAO, F,

MO, NY, USM, WIS), 15/1/04.

PERU, Piura, Ayabaca, Barrio San Jose Obrero,

4.644rS 79.7185"W, S. D. Smith 502 (QCNE,
WIS), 30/1/05.

ECUADOR, Loja, Cerro Sozoranga, 4.3553°S
79. 7022°W, P. M. Jorgensen, C. Ulloa, H. Vargas

G. Abendano 628 (MO), 29/IV/1994.

lochroma lehmannii

*PERU, Piura, Ayabaca, carretera Ayabaca-Piura,
4.6596°S 79.7404°W, S. D. Smith, S. Leiva G. 330
(HAO, F, MO, NY, USM, WIS), 14/1/04.

PERU, Piura, Ayabaca, Bosque Cuyas. 4.6035°S
79.71 10°W, S. D. Smith, S. Leiva G. 339 (HAO, F,

MO, NY, USM, WIS), 15/1/04.

PERU, Piura, Ayabaca, Bosque Cuyas. S. Leiva G.,

N. W. Sawyer, V. Quipuscoa 2028 (F), 6/VI/97.

ECUADOR, Canar, Km 15 Chunchi-Zhud, 2.3480°S

78.9377°W, S. D. Smith, L. Lopez 486 (F, QCNE,
MO, WIS), 8/1/05.

ECUADOR, Canar, Km 20 Chunchi-Zhud, 2.3555°S

78.9590°W, S. D. Smith, L. Lopez 487 (QCNE, MO,
NY WIS), 8/1/05.

ECUADOR, Chimborazo, Carretera Alausi-Baguil-

Guamote, V. Zak 2375 {MO), 1 l/VIII/1987.

ECUADOR, Canar, Km 21 Chunchi-Zhud, 2.4333°S

79.0333°W, A. Alvarez and M. Tirado 1475 (MO),
9/Vn/1995.

Appendix 2

Characters Scored for Principal
Components Analysis

Leaf length

Leaf width

Pedicel length

Calyx width

Calyx length

Corolla width at base

Corolla width at mouth
Corolla length

Corolla pigmentation (0 = no purple, 1 = light purple,

2 = deep purple)

Corolla pubescence (0 = glabrous or few hairs, 1 =
pubescent)

Style length

Filament length

Anther length

Flowers per inflorescence
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GLUCOSE-6-PHOSPHATE ISOMERASE VARIATION AND GENETIC
STRUCTURE IN YUCCA BREVIFOLIA (AGAVACEAE)
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Northampton, MA 01063

Abstract

We used electrophoretic analysis of isozymes to investigate genetic structure of the Mojave Desert

endemic. Yucca brevifolia. To test the hypothesis that, because of geographic isolation, most variation

in allele frequencies would be between populations we sampled three subpopulations in each of five

distinct populations: Arizona, Joshua Tree, Mojave, Western Mojave, and Utah. Two of nine proteins

had isozymes that resolved adequately. One of these. Superoxide dismutase (SOD) was monomorphic.
For the other, glucose-6-phosphate isomerase (GPI), five alleles were identified, and the three most
common alleles were present in all populations sampled. For GPI, allele frequencies differed

significantly between all five populations, as well as between subpopulations in both the Joshua Tree

and Arizona populations.

We also tested the hypothesis that there would be strong localized genetic structure due to the high

proportion of recruitment attributed to vegetative reproduction. Based on GPI data from an
intensively sampled 1 ha plot, genotypes were randomly distributed, and thus sexual reproduction

through outcrossing may be the principal mode of recruitment in Y. brevifolia at this site.

This study describes genetic structure within populations of Y. brevifolia based on protein variation

at a single locus. Future research, using additional markers (nuclear, cytoplasmic, or both) is necessary

to understand the dynamics of gene flow, genetic variation, and recruitment within the species Y.

brevifolia.

Key Words: Genetic structure, glucose-6-phosphate isomerase, Mojave Desert, spatial autocorrela-

tion. Yucca brevifolia.

The distribution of Yucca brevifolia Engelm.,

an endemic of the Mojave Desert, includes

portions of California, Nevada, Utah, and
Arizona. Within this distribution, the Joshua tree

is found in isolated populations at altitudes

between 600 and 2200 m. The limits of the

species distribution, both altitudinally and latitu-

dinally, appear to be a result of sensitivity to

mean temperature maxima and minima (Gates

1966).

These temperature limitations produced altitu-

dinal and latitudinal changes in the distribution

of the species over the geologic time scale as a

result of climatic variation. Evidence of altitudi-

nal range contractions has been observed in both
the Panamint mountain range and Death Valley,

where Y. brevifolia tissue has been identified in

packrat middens from the Pleistocene era at

elevations more than 125 m lower than the

current distribution (Grayson 1993). Changes in

latitudinal distribution are demonstrated by
Yucca brevifolia tissue identified in middens near
the Mexican border approximately 240 km South
of the species current limit (Laudermilk and
Munz 1934; Grayson 1993).

The current distribution of Y. brevifolia,

comprised of isolated populations limited to the

' Author for correspondence; email address: atoulson@
alumnae.smith.edu

Mojave Desert, has likely had strong effects on
genetic variation within and among populations.

Genetic studies of both fragmented and endemic
plant species typically reveal limited genetic

variation within populations, while genetic dif-

ferentiation among these populations tends to be
high as a result of genetic drift and natural

selection (Chung et al. 2004; Fracaro and
Echeverrigaray 2006; Meister et al. 2006; Zhao
et al. 2006). In addition to the geographic
distribution of a species, genetic variation within

populations is also influenced by factors includ-

ing pollination, rates of inbreeding, outcrossing,

and asexual reproduction (Loveless and Hamrick
1984).

Methods of recruitment within Y. brevifolia

populations are poorly understood. Yucca brevi-

folia is pollinated by the moth species Tegiticula

synthetica and T. antithetica, but it is unknown
whether, in addition to moth pollination, the

flowers undergo self-pollination (Pellmyr and
Segraves 2003). Further, the relative importance
of sexual and asexual reproduction in popula-

tions is also unknown. Clonal populations have
been reported in southern California (Boyd 1999)

and populations in other areas may also exhibit

vegetative reproduction. While a high proportion

of sexual reproduction through random mating
would result in a random distribution of geno-

types in a population, a high proportion of

vegetative reproduction and/or inbreeding would
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Fig. 1 . Map of populations sampled in this study with Mojave Desert boundaries indicated by light grey and the

distribution of Y. brevifolia overlaid in dark grey (Little 1976; Griffiths et al. 2006). Pie charts depict the frequency
of the most common allele, GPI 3, in each subpopulation.

result in localized genetic structure. For a general

discussion of the biology of Yucca brevifolia see

Gucker (2006).

The present study employs glucose-6-phos-

phate (GPI) allozymes to investigate genetic

structure in Y. brevifolia. This enzyme, coded
for by a single locus in Y. brevifolia, is highly

polymorphic, so it is well suited as a marker to

study outcrossing, inbreeding and cloning. How-
ever, geographic variation in GPI allele frequen-

cies may result from selection (Gillespi 1991),

which could confound the effects of geographic

isolation on gene flow and genetic drift. There-

fore, geographic variation in GPI allele frequen-

cies may reflect some combination of isolation,

selection, and drift. Markers that are both highly

variable and neutral have yet to be identified in

Y. brevifolia.

Regarding the genetic structure of Y. brevifolia

we test the following hypotheses: First, allele

frequency would vary significantly among geo-

graphically isolated populations. Second, allele

frequencies would be homogenous among sub-

populations since moth aided polhnation and
seed dispersal by animal and wind should lead to

unrestricted gene flow within populations. Third,

that outcrossing is the predominant form of
sexual reproduction within Y. brevifolia. And
finally, that recruitment through vegetative re-

production occurs at levels sufficient to result in

spatial structuring within some populations.

Methods

a large central population found in the Mojave
Preserve (MP) and four peripheral populations;

Joshua Tree National Park (JT), Arizona (AZ),

Utah (UT) and Western Mojave (WM). Three of

the populations were disjunct (AZ, MP, UT)
while two populations were contiguous (JT,

WM). All populations were separated from one
another by a minimum of 200 km (Fig. 1,

Table 1). Both disjunct and nondisjunct popula-

tions were included in this study to permit

assessment of long distance gene flow between
contiguous populations. The populations includ-

ed both var. brevifolia (AZ, JT, WM) and var.

Jaegeriana (MP, UT).
Within each of these five populations, three

subpopulations were sampled that were a mini-

mum of 1.6 km apart. Subpopulation samples

consisted of 48 trees, except for the Western
Mojave subpopulations where low density and
restricted access limited sample sizes to 24 trees per

subpopulation, selected haphazardly. Trees were
selected from all size classes and were at least 10 m
apart. From each tree, three recently developed

leaves were collected and stored on dry ice.

In addition to the five populations, we also

intensively sampled a 1-ha plot in Joshua Tree

National Park to assess localized genetic struc-

ture. In the plot, sampled stems were separated

by at least 1 m. Where two or more stems were
<1 m apart, only one stem was sampled.

The location of each stem was recorded using a

global positioning system (GPS) device (Trimble

Navigation Limited, Sunnyvale, CA).

Study Sites Electrophoresis

We selected five populations for sampling that

spanned the distribution of Y. brevifolia including

Leaves were ground in liquid nitrogen and
Wendell and Parks grinding solution (Wendell
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Table 1. Spatial Summary of Subpopulations.

Distance (km) from

Location UTM Altitude (m) oue /\ oite t$

AZ A 12^) 2J/44J, 3o-5do1o Q 1 1V 1 1
—

AZ D IOC o/i'^'^^'; iQ'JinQnIzo z4jjjj, j>c5j>jSUoU 7.4 —
AZ C 12b 214oJJ, 3oj4ood 552 29.0 37.0

JT A 13/3 — —
J 1 D 1 lo J / / /yy, J /dUz4U 1 TOO

1 ill 2.0 —
J 1 C lie ^T^nnn tta'vqiqllo 3/jUUU, j/o/VJV 1313 6.0 7.4

JVlr A 1 ic AiAni/i iQm/i'T'jllo OJDU14, jyU24/j> 1 3 1 o

MP B lis 635602, 3896408 1190 6.3

MP C lis 615813, 3890137 1114 23.2 19.0

UT A 12S 242593, 4104714 1095

UT B 12S 242389, 4103013 994 1.6

UT C 12S 241096, 4100972 885 3.9 2.4

WM A lis 436849, 3874514 731

WM B lis 431628, 3873700 713 4.0

WM C lis 442307, 3873191 754 4.6 9.2

and Parks 1982) and centrifuged at 2000 g for

10 min. Filter paper wicks were dipped into the

supernatant and loaded onto a 12% starch gel.

The gels were electrophoresed at 75 volts until

the tracking dye ran off the edge of the gel,

usually after 5-6 hrs.

Initially, 23 individuals from across the five

populations were surveyed to identify allozymes

that resolved consistently and exhibited variation.

Each of the 23 samples were stained for glucose-

6-phosphate isomerase (GPI), phosphoglucomu-
tase (PGM), glucose-6-phosphate dehydrogenase
(G6PDH), isocitrate dehydrogenase (IDH), alco-

hol dehydrogenase (ADH), superoxide dismutase
(SOD), malate dehydrogenase (MDH), peroxi-

dase (PRX) and esterase (EST) using system 6

and 11 buffers (Soltis et al. 1983), Poulik (Poulik

1957) , and LiOH, and TC8 (Selander et al. 1971).

After this initial survey, all samples were run
using the LiOH buffer system and stained and
scored for GPI, the only enzyme that resolved

consistently and exhibited polymorphism. For
this portion of the experiment, mylar supported
cellulosic gels (Semi-Micro II Chamber and
Supra Sepraphore gels, Gelman Sciences, Ann
Arbor, MI) were used instead of 12% starch gels

after the same allelic patterns were observed using

both systems. Alleles were numbered 1-5 based
on position relative to the anode, with one being
the most anodal.

j

Data Analysis

We used the online program Genepop (Ray-
mond and Rousset 1995) for calculating the levels

of heterozygosity within populations, testing for

Hardy Weinberg equilibrium, and making pair-

wise comparisons of population differentiation.

Where subpopulations were homogenous, they

,
were pooled prior to performing pair-wise
comparisons among populations

For the intensively sampled 1-ha plot, we
performed spatial autocorrelation analysis using

the Moran's I test of ArcView 3.2 (ESRI,
Redlands, CA). We ran the Moran's I test under
randomization of attribute (genotype), which
samples attribute values without replacement. In

addition, the Moran's I test employed only the

smallest distance class observed between stems

because that is the class most likely to exhibit

spatial structuring.

Results

Glucose-6-phosphate isomerase resolved as a

single polymorphic locus with a total of five

alleles detected in the populations studied. Of the

five alleles, the three most common were ob-

served in all populations, while all five were
found only in the most central population, the

Mojave preserve (Fig. 1, Table 2).

Levels of heterozygosity in subpopulations

were variable with expected values ranging from
0.00 in AZA to a 0.62 in JTA (Table 2). The JT
subpopulations exhibited the highest levels of

heterozygosity across the subpopulations. All

subpopulations were found to be in Hardy-
Weinberg equilibrium (Hardy-Weinberg Exact

Test [Haldane 1954], P > 0.05).

The results of pair-wise tests for homogeneity
indicated that within population allele frequen-

cies in MP, UT and WM were homogenous
across subpopulations. However, significant het-

erogeneity was found among subpopulations at

both JT and AZ (Table 3; P < 0.05). With the

exception of three comparisons (AZC with JTB,
P = 0.06; AZC with MPABC, P = 0.65: and JTB
with MPABC, P = 0.14), all pairwise compari-
sons of allele frequencies across populations

revealed significant heterogeneity (P < 0.01)

The expected heterozygosity of the intensively

sampled one hectare plot was 0.65. The popula-
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Table 2. Allele Frequencies Observed at Each Subpopulation Within the Five Sampled
Populations (Most Common Allele in Bold) Along With the Expected Heterozygosity (He) for
Each Subpopulation.

Allele

Pop. Subpop. GPI 1 GPI 2 GPI 3 GPI 4 GPI 5 He

AZ A 1.00 0.00

B 0.84 0.04 0.12 0.28

c 0.69 0.18 0.13 0.47

JT A 0.08 0.48 0.38 0.06 0.62

B 0.01 0.53 0.32 0.14 0.60

G 0.05 0.27 0.59 0.08 0.57

MP A 0.01 0.68 0.25 0.06 0.47

B 0.63 0.26 0.12 0.52

G 0.01 0.67 0.19 0.13 0.50

UT A. 0.06 0.75 0.17 0.02 0.40

B 0.07 0.68 0.20 0.05 0.49

C 0.05 0.71 0.17 0.07 0.46

WM A 0.58 0.40 0.02 0.50

B 0.40 0.58 0.02 0.50

C 0.54 0.44 0.02 0.51

tion w^as in Hardy-Weinberg equilibrium. Mor-
an's I indicated a random distribution of

genotypes across plants in the plot (Z = —1.12).

Discussion

Genetic Structure

Our data are consistent with the hypothesis that

geographic isolation among populations of Y.

brevifolia restricts gene flow below the level

required for homogenization of allele frequencies

at the GPI locus. However, given that some
studies have suggested an adaptive role for GPI
variation (Gillespi 1991; Katz and Harrison 1997;

Wheat et al. 2006), the variation in allele

Table 3. Pair-Wise Comparison of Homogeneity
OF Allelic Distribution Between Subpopulations
Within Each Population. P-values that are bold

indicate subpopulations which differ significantly in

allele frequencies.

Subpopulation

Pop.
1 2 P-value

AZ A B <0.01
A G <0.01
B G 0.01

JT A B 0.03

A G 0.01

B G <0.01
MP A B 0.46

A G 0.24

B G 0.55

UT A B 0.63

A G 0.43

B G 0.80

WM A B 0.12

A G 0.91

B G 0.37

frequencies may be a reflection of selection in this

long-lived plant rather than the effects of geo-

graphic isolation between the five populations.

Our data also show heterogeneity in allele

frequencies among subpopulations within both
the AZ and JT populations. Clearly, our hypoth-
esis that moth pollination coupled with wind and
animal seed dispersal would produce sufficient

gene flow to sustain homogeneity of allele

frequencies across subpopulations is not support-

ed. While subpopulation AZC is separated from
both AZA and AZB by relatively large distances

(29 km and 37 km respectively), such is not the

case for AZA and AZB (7.4 km) or for the JT
subpopulations (2-7.4 km). The AZ population is

in the transition zone between the Mojave and
Sonoran deserts in an area with a mix of

communities associated with each desert. In

addition, this population spans the largest altitu-

dinal range (>400 m) and includes a subpopula-

tion (AZC) 50 m below the reported elevation

range of Y. brevifolia. The JT population,

however, is in a relatively homogeneous environ-

ment. Whether the observed variation in allele

frequencies is a result of selection (as suggested by
the environmental heterogeneity in AZ) or genetic

drift (as suggested by the apparent environmental

homogeneity in JT), pollen and seed dispersal in

Y. brevifolia appears restricted, in some locations, \

even over small geographic distances. I

Inbreeding
|

In populations where inbreeding is common, a,

heterozygote deficiency is observed compared to

Hardy-Weinberg expected zygotic frequencies.

All subpopulations in this study were found to

be in Hardy-Weinberg equilibrium, thus indicat-

ing that inbreeding does not occur at any|

significant level in most populations of Y.\
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brevifolia. It is still possible that self pollination

events occur, but, perhaps the seeds are not viable

as is the case in Yucca filamentosa (Marr et al.

2000).

Recruitment

A review of studies using Moran's I by
Heywood (1991) indicated that selfing species

show pronounced local genetic structure, while

outcrossing species with random sexual repro-

duction and seed dispersal do not show any
structured pattern. Vegetative reproduction

would have an even stronger effect on population

structure. Results of the spatial autocorrelation

analysis indicate that genotypes in the 1-ha

intensively sampled plot were randomly distrib-

uted, and thus that sexual reproduction through

random mating, rather than vegetative reproduc-

tion or self-pollination, has been the predominant
form of recruitment at this site.

Recruitment in Yucca brevifolia may be pri-

marily episodic (Wallace and Romney 1972). A
twenty-year study by Comanor and Clark (2000)

of Y. brevifolia recorded no recruitment in their

study areas. The combination of predominant
outcrossing with long stretches of no measurable
recruitment suggests that recruitment in Y.

brevifolia is episodic, and likely reliant on rare

environmental conditions. While this model of

recruitment through outcrossing may be charac-

teristic of this study plot, it may not be common
for the species as a whole. Further, in this study

an individual was defined as a stem or group
of stems less than 1 m from one another. In

many cases, the individuals sampled were com-
posed of more than one stem. While vegetative

reproduction appears to have a small role in

recruitment of new individuals at this site, it may
play a significant role in the longevity of
individuals.

Further Research

This project has developed the first model of

genetic structure found within populations of Y.

brevifolia based on protein variation. Future
studies investigating variation at the molecular
level are needed to increase understanding of
genetic variation both within and across popula-
tions. Through continued investigation into

genetic structure of Y. brevifolia, biologists will

develop a better understanding of the relation-

ships of gene flow, genetic variation, and
recruitment levels across the landscape of the

Mojave Desert.
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Abstract

Recent field work and examination of specimens at CAS, MICH, MO, NY, SFSU, UBC and uc lead us

to conclude that Bestia longipes, contrary to some earlier literature reports, is endemic to coastal

regions of north-central to southern California. Based on analyses of DNA nucleotide sequence data

we recognize Bestia in the Lembophyllaceae.

Key Words: Bestia, California, Isothecium, Lembophyllaceae, mosses.

Introduction

In examining the literature for Bestia longipes

(SuUivant & Lesquereux) Brotherus, it becomes
clear that this species endemic to the Pacific

Coast of North America has been poorly
understood. Part of this confusion can be
attributed to various interpretations regarding

the generic circumscription of Bestia and its

taxonomic affinities at the family level (Lesquer-

eux 1868; Lesquereux and James 1884; Grout
1928; Crum 1991). When first described in 1865

as Alsia longipes by Sullivant & Lesquereux, it

became the third species in the genus Alsia

(established by Sulhvant in 1855) joining Alsia

californica (W. J. Hooker & Arnott) Sullivant

(transferred from Neekera) and Alsia abietina (W.
J. Hooker) Sullivant (transferred from Neekera).

The genus Alsia, with three species, was a

morphologically heterogeneous assemblage of
Pacific Coast endemics. Alsia abietina was
recombined as Dendroalsia abietina in 1905 by
Britton and Alsia longipes was transferred to

Bestia in 1906 by Brotherus (Crosby et al. 2000).

These three genera, each now monospecific, are

today all placed in different families.

Had Brotherus (1906) retained Bestia as a

I

monospecific genus, subsequent taxonomic and
nomenclatural confusion would have been nil.

However, this was not to be. Two other taxa

[Isothecium obtusatulum Kindberg and Thanmium
I vancouveriense Kindberg) were placed in Bestia

iOy Brotherus (1925) further altering the generic

circumscription. Over the years Bestia has been

attributed to such famihes as the Neckeraceae,

Thamnobryaceae, Cryphaeaceae, Hypnaceae,
Brachytheciaceae (Brotherus 1925; Crum 1987;

Buck and Goffinet 2000; Crosby et al. 2000), and
most recently, the Lembophyllaceae (Goffinet

and Buck 2004; Huttunen et al. 2004; Quandt et

al. 2008). This diversity of family placements was
in part based on which species of Bestia had been

critically examined and what combination of

gametophytic and sporophytic characters were
considered most important for inferring relation-

ships. Grout (1928) also listed three species in

Bestia. His interpretation of the genus included

the incorporation of Hypinun hrewerianimi Les-

quereux as a new combination within Bestia,

expanding yet again the generic circumscription.

Bestia hreweriana (Lesquereux) Grout is now
regarded as a synonym of Isotheeium cristatimi

(Hampe) H. Robinson (Andrews 1952). The
other species that Grout retained in Bestia he

called B. holzingeri (Renauld & Cardot) Broth-

erus. This species also has a long nomenclatural

history of being placed in 10 different genera

containing 14 species synonyms (Norris and
Enroth 1990). By the time Lawton (1971)

published her moss fiora of the Pacific Northwest
it was generally known as Bestia vancouveriensis

(Kindberg) Wijk & Margadant. Norris and
Enroth (1990) resolved this part of the problem
when they elevated Bestia vancouveriensis to

generic rank as Bryolawtonia, and transferred it

back to the Thamnobryaceae (Neckeraceae s.l.).
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Crum (1987) and Norris and Enroth (1990)

provided a detailed overview of this history and
we will not repeat it further except to say that

Crum (1987) proposed Bestia longipes be trans-

ferred to the Brachytheciaceae and viewed it to be

closely related to Isotheciimi. Norris and Enroth
(1990) also accepted this interpretation, as did

Crosby et al. (2000). Crum (1991) further

speculated that Bestia may not even need to be
recognized as a monospecific genus at all,

suggesting that B. longipes might be a mere form
of Isotheeiuni myosuroides Bridel. Recent DNA
evidence supports the hypothesis that Bestia and
Isotheeiuni are indeed closely related (Goffmet
and Buck 2004) yet distinct genera. Based on our
herbarium studies and detailed examination of

both gametophytic and sporophytic characters

we conclude that Bestia is so distinctive as to

require separate generic status. This conclusion is

also supported by additional molecular data

(Quandt et al. 2008).

Discussion

Since the publication of a bryoflora of
California (Norris and Shevock 2004a, b), a re-

examination of material in California herbaria

showed that several of the collections labeled and
reported in the literature as Bestia longipes are in

fact one or more species of Isotheeiuni. Therefore,

our earlier interpretation (Norris and Shevock
2004a) of this taxon was also clouded. This issue,

however, became clear once we examined plants

of Bestia longipes in the field from the general

type locality in the Oakland Hills above Berkeley.

Additional field work from coastal mountains in

the San Francisco Bay region showed Bestia to be

a rather common component of the flora on
boulders along streams where it is often associ-

ated with Pterogoniuni graeile (Hedwig) Smith
and species of Isotheeiuni., primarily /. cristatum.

This freshly collected material became the base-

line for comparative purposes during our review

of the herbarium record. While bryologists in

California can attest to the difficulties in naming
species of Isotheeiuni many yet recognize the

various growth form expressions that appear
fairly constant in nature. The taxonomic and
nomenclatural history of this genus has made
working with Isotheeiuni here in California, as

well as more broadly along the Pacific Coast of

North America, difficult and complex (Allen

1983). Despite the recent publication of two
analyses based on molecular data (Ryall et al.

2005; Draper et al. 2007), consensus among west

coast bryologists on the delimitation of Isothe-

eiuni taxa and what to call them remains elusive.

Notwithstanding, knowledge about the appear-

ance of Bestia in the field along with a sense of its

very specific microhabitat renders it easily

separated from Isotheeiunu even without sporo-
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phytes. One can recognize this very long-pendent,

pinnately-branched moss by its branches being
much shorter than the main axis. Smaller plants

or those occurring in marginal habitat can have a

main axis so short as to look more like an
Isotheeiuni. Dried Bestia upon close examination
also looks different from Isotheeiuni species,

especially /. eristatum with its more julaceous

branches, but it can superficially resemble /.

myosuroides s.l. In the northern portion of its

range, Bestia is considerably harder to distinguish

in the field from /. myosuroides because Isothe-

eiuni dominates the suitable habitat and plants

from the two genera can be intertwined. We
speculate that Isotheeiuni, especially /. myosur-
oides, out competes and replaces Bestia for that

particular ecological niche at the northern
portion of its range.

The sporophytes of Bestia are not like the

shorter generally asymmetrical 'hypnaceous' cap-

sules of Isotheeiuni. However, the perichaetial

leaves in both Bestia and Isotheeium are greatly

enlarged and sheathe the seta base. Developing
sporophytes in Bestia with light colored setae are

inserted ventrally on the main stem axis adjacent

to the substratum. Because they are oriented

upward along and parallel to the main stem axis,

they can be easily overlooked during a casual

inspection of plants in the field. We found the

illustration of Bestia longipes (as Alsia /., plate 63)

in Sullivant (1874) and reprinted in part (Broth-

erus 1925) to be remarkably detailed and
accurate. Isotheeiuni cristatum on the other hand
is commonly associated with Bestia especially in

the central portion of its range and generally

produces abundant sporophytes with reddish

setae that are erect and easily visible above the

branches. When hydrated, Bestia has a rather

plumose appearance and cascades downward
from the substrate. Colonies can cover square

meters of rock surface.

The following key should readily separate
j

Bestia from Isotheeiuni species.

la. Leaves with serrulations restricted to the leaf

apex (1/5 of the leaO, serrulations consisting
|

uniformly of one cell; cells across leaf surface i

uniform in color; costa prominent, extending
i

to near leaf apex with several spines on the
;

distal 1/6 or more of the costa; median cells,
'

even those near the costa, uniformly short
I

(generally <4:1) and thick walled resembling

cells near apex; foliose pseudoparaphyllia with

truncate and crenulate apices of short cells
j

(<2:1); capsules straight, long-cylindric, sym-
j

metrical, lacking an abrupt constriction below
,

mouth Bestia]

lb. Leaves with serrulations extending from leaf
|

apex to middle or even lower, at least some
teeth composed of more than one cell; cells

:

across leaf with an abrupt transition from the

green alar region to a paler green throughout

rest of leaf; costa prominent, extending rarely

beyond 2/3 of leaf, ending in 1 to few spines;
|
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juxtacostal region with elongate cells (up to

8:1) and much longer than cells at leaf apex;

foliose pseudoparaphyllia irregularly lobed or

toothed with elongate cells making up those

teeth; capsules oblong-ovoid, suberect to

cernuous, generally slightly asymmetrical with

an abrupt constriction below mouth . . . Isotlwcium

Distribution

After examining collections labeled Bestia from
several herbaria we conclude that this monospe-
cific genus is a Cahfornian endemic and con-

firmed for the following counties: Alameda,
Contra Costa, Lake, Los Angeles, Marin, Men-
docino, Monterey, Napa, San Benito, San Luis

Obispo, San Mateo, Santa Barbara, Santa Clara,

Santa Cruz, Sonoma, and Ventura. The only

coastal county within this range lacking Bestia is

San Francisco, due to a lack of suitable riparian

habitat (Shevock and Toren 2001). Although
Bestia longipes was not encountered during our

herbarium review as occurring in Orange and San
Diego counties just south of Los Angeles County,

we believe there is a high probabihty that Bestia

will be discovered in this area because seemingly

appropriate habitats occur in the coastal portions

of the Peninsular Ranges. Moreover, the range of

Bestia could perhaps extend yet farther south to

Guadalupe Island, Baja California, Mexico
where both Alsia and Dendroalsia reach their

southernmost outposts (Schofield 2004).

Reports of Bestia (Norris and Shevock 2004a)

from the northwest corner of CaHfornia in Del
Norte, Humboldt, Shasta, Siskiyou counties and
the northern Sierra Nevada in Placer County are

erroneous and represent Isotheciiun species. Two
Oregon specimens identified as Bestia (NY) and
cited in Chapman and Sanborn (1941) also

proved to be Isotheciwn. Bestia longipes was not

reported from Oregon by Christy et al. (1982) or

Lawton (1971). Koch (1950) reported Bestia for

Oregon although no specimen was cited. Two
historical specimens, correctly identified as Bestia

longipes, are attributed to Alaska and seem to be
distributional anomalies. The specimen housed at

NY was purchased sometime in the late 1800s. It

lacks data except for being attributed to Alaska.

The other collection (originally at CAS but now
at UBC) states ^'collected by Kellogg in 1867
from Redout Bay, Alaska." However, in both
cases these historical collections seem geograph-
ically unlikely to have been collected in Alaska.
Also, both of these packets have no soil, litter or

other mosses mixed with the specimen, but
rather, just a few 'clean' individual branches.

We view these two collections as likely some type
of herbarium processing error. Also, Bestia (as

Alsia longipes) was not reported from Alaska by
Cardot and Theriot ( 1902, 1906). Considering the

level of bryophyte collecting in the coastal

portions of the Pacific Northwest from Alaska,

British Columbia, Washington and Oregon over

the past century without encountering a modern-
day collection of Bestia longipes leads us to

conclude that it is in fact a Cahfornian endemic.

Bestia is most commonly encountered at sites

with cool air drainage patterns and is therefore

more or less restricted to narrow stream channels

and canyons. Although Bestia prefers rock walls

and massive boulders in partial shade, it can also

infrequently occur on adjacent bases of tree

trunks, primarily Unihellularia califoniica (Hook-
er & Arnott) Nuttall. Many of the habitats of

Bestia are influenced by summer fog and cooler

temperatures compared to hotter inland valleys.

The elevation range is from 50 2500 ft.

Specimens examined

CALIFORNIA. Alameda Co.: Alameda, Gib-

bons 14 (NY); San Antonio Creek, Kellogg s.n.

(NY); Oakland, collector unknown (MO, NY);
Oakland, Eaton s.n. (NY); Berkeley, Howe 27
(MO, NY, UBC) & 232 (CAS, MICH, NY, UC);
Strawberry Creek east of Hilgard Hall, U.C.
Berkeley, Norris 82503 (CAS, UC); Gaiin Re-
gional Park southeast of Hayward, Whitteniore

5295 (CAS, MO, UC); Grass Valley Creek,

Anthony Chabot Regional Park, Shevock 29365
(CAS, COLO, H, MO, NY, S, UC, US) & 29485
(CAS, KRAM, MO, NY, UC). Contra Costa

Co.: Gorge Trail toward Lake Anza, Tilden

Regional Park, Norris 109512 (CAS, COLO,
DUKE, H, MO, NY, OSU, UBC, UC, UNAM,
UNLV, US) and Norris 109518 (UC); Havey's

Canyon Trail, Wildcat Canyon Regional Park,

Norris & Hillyard 109589 (CAS, MO, UC); Castle

Rock Park, Schofield 87551 (MO, UBC); East

Fork Sycamore Creek, Mt. Diablo State Park,

Shevock & Ertter 24528 (CAS, US) and Shevock
& Ertter 24531 (CAS, DUKE, E, H, UC). Lake
Co.: Anderson Springs, Toren 2529 (SFSU);
southern shore of Clear Lake at Kelsey Creek
Slough, Clear Lake State Park, Toren 6844
(CAS); Troutdale Creek, Mt. St. Helena, Robert
Louis Stevenson State Park, Toren 8427 (CAS).

Los Angeles Co.: near Pasadena, McClatchie 486
(NY); Monrovia Canyon, collector unknown
(NY); San Gabriel Mts., McClatchie s.n.

(UBC); White's Landing, 5 mi north of Avalon,

Santa Catalina Island, Steere s.n. (UBC). Marin
Co.: Mill Valley, Blasdale s.n. (CAS, UBC, UC);
Devils Gulch, Samuel P. Taylor State Park,

Shevock 29824 (CAS, H, S, UC); Panoramic
Drive, Mt. Tamalpais State Park, Shevock 29833
(CAS, DUKE, E, MO, NY, UC, US). Mendocino
Co.: no locahty given beyond county, Toren &
Showers s.n. (CAS); Hendy Woods State Park,

Toren 2772 (SFSU); Parsons Creek below Hunt-
ley Peak, Heise 2230 (UC). Monterey Co.: divide

0.5 mi south of Santa Lucia Memorial Park, Los
Padres National Forest, Shevock & Kelhnan
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24811 (CAS, MO, uc); Alder Creek Campground,
Los Padres National Forest, Shevock & Kellman
2 7729 (CAS, UC); Indians Road 4.52 mi north of

Fort Hunter Liggett Military Reservation bound-
ary, Los Padres National Forest, Kellman cfe

Shevock 3602 (CAS); South Fork Devils Canyon
Creek below Canogas Falls, Los Padres National

Forest, Shevock & Kellman 27830 (CAS, MO,
NY); Palisades off of Gabilan Road, Fort Hunter
Liggett Military Reservation, Kellman, Shevock,

& Robertson 3743 (CAS); Big Sur River, Kellman
3996 & 4000 (CAS); Little Sur River below
Jackson Camp, Los Padres National Forest,

Shevock & Kellman 29054 (CAS, MO, NY) and
Kellman & Shevock 4873 (CAS); Big Creek, UC
Landels-Hill Big Creek Reserve, Shevock &
Kellman 28898 (CAS, UC) and DeviFs Creek at

Redwood Camp, Shevock & Kellman 27759 &
27842 (CAS, MO, NY, UC) and Shevock &
Kellman 27765 (CAS, MO, NY), Kellman &
Shevock 4909, 5016 (CAS); South Fork McWay
Canyon, Julia Pfeiffer Burns State Park, Kellman
4946 (CAS); Rocky Ridge Trail to Soberanes
Creek, Garrapata State Park, Kellman 3358
(CAS); Grimes Canyon below highway 1, She-

vock & Kellman 27739 (CAS, UC); Redwood
Gulch along highway 1, Becking 670719 (UBC);
1 mi south of Castro Canyon, Schofield 29181
(UBC). Napa Co.: St. Helena Creek, highway 29

at milepost marker 47.62 about 1 mi south of

Lake County line, Shevock 29852 (CAS, COLO,
DUKE, H, KRAM, MO, NICH, NY, OSU, UC,
UNAM, US, WTU). San Benito Co.: Juniper

Canyon along stream. Pinnacles National Mon-
ument, Kellmcm, Shevock, & Villasehor 4244 &
4251 (CAS). San Luis Obispo Co.: Cypress
Mountain Road southern end of Santa Lucia

Range, Carter 1325 (UC); Cerro Alto Trail,

Cerro Alto Campground, Los Padres National

Forest, Carter 1843 (UC). San Mateo Co.:

Pescadero Creek about 3 mi west of San Mateo
Park entrance, Pescadero Road, Schofield 11206
(MICH, MO, NY, UBC, UC) & 96269 (MO,
NY); Purissima Creek near Searsville Lake,

Schofield 12899 (MO, NY, UBC, UC) and Steere

s.n. (UBC); Lake Pilarcitos, Koch 3366 (MICH,
NY, UC); Highway 1, about 2 mi north of Santa
Cruz County line, Koch 2083 (MICH, NY, UC);
between Serpentine Trail and Sylvan Trail,

Edgewood County Park, Whittemore & Sommers
5238 (CAS) and 5240 (MO); Sylvan Way,
Redwood City, Whittemore 3114 (CAS) and
1407 (MO); San Mateo Creek, Howe s.n. (NY);
Tafoni Sandstone Formation, El Corte de
Madera Creek Open Space Preserve, Shevock
29927 (CAS, COLO, DUKE, E, GOET, H,
KRAM, MA, MHA, MICH, MO, NICH, NY,
OSU, PE, S, UBC, UC, UNAM, US). Santa
Barbara Co.: above Santa Barbara, Smith King
s.n. (UC); Cold Springs, Los Padres National
Forest, Shevock 27875 (CAS, MO, NY, UC) and

Laeger 526 (CAS); Pelican Bay, Santa Cruz
Island, Fosberg 208 (UC); Lady's Harbor, Santa
Cruz Island, Fosberg 361 (NY); Cherry Canyon,
Santa Rosa Island, Channel Islands National
Park, Shevock 20911 (CAS, UC) and Water
Canyon east of Black Mountain, Santa Rosa
Island, Channel Islands National Park, Shevock
& Rodriguez 20817 (CAS, UC). Santa Clara Co.:

Alum Rock Canyon, San Jose, Bradshaw 496
(CAS, MICH, NY, UBC, UC); Alum Rock Park,

Schofield & Mueller 6923 (MO) & 36446 (UBC);
Lower Braen Canyon and Hunting Hollow east

of Gilroy Hot Springs Road, Henry W. Coe State

Park, Whittemore & Briggs 6745 (CAS, MO, NY)
and canyon at Woodchopper Creek, Whittemore
& Briggs 6766 (CAS, MO, NY); Woods Trail

from Mt. Umunhum Road near Guadalupe
Creek, Sierra Azul Open Space Preserve, Whitte-

more et al. 6105 (CAS, MO); Mine Hill Trail

adjacent to new Almaden Trail, Almaden Quick-
silver County Park, Whittemore 5323 (CAS,
MICH, MO); Mt. Hamilton Road at milepost

8.5, entrance to Joseph D. Grant County Park,

Whittemore 6058 (CAS, NY) & 6056 (MO);
Jasper Ridge Nature Reserve, Stanford Univer-

sity, Schofield & Thomas 71538 (MO, UBC) and
96794 (MO, UBC); New Grade Road, Geis 657
(MICH); Stevens Canyon Creek above reservoir,

Steere s.n. (UBC); Los Altos Hills, Schofield

23051, 63731, & 112008 (UBC). Santa Cruz Co.:

Granite Creek, Kellman 1105 (CAS, UC); Laguna
Creek, Kellman 1854 (CAS); Baldwin Creek,

Wilder Ranch State Park, Kellman 832 & 2579
(CAS); Majors Creek Canyon near Highway 1

between Santa Cruz and Davenport, Kellman
1065 (CAS); Scott Creek, Swanton Road and
milepost 4.15, Kellman 410 (CAS); confluence of

Boyer and Big Creek, Kellman 1897 (CAS);

Zayante Canyon Road north of Felton, Morris

86869 (UC). Sonoma Co.: Adobe Canyon near

Kenwood, Koch 463 (MICH, NY, UC); Sugar-

loaf Ridge State Park, Morris & Hillyard 109804,

109812, & 109814 (CAS, UC); Fife Creek,

Armstrong Redwoods State Reserve, Shevock

29859 (CAS, DUKE, MO, NY, UC); Audubon
Canyon Ranch Bouverie Preserve north of

Sonoma, Carter 1874 (UC). Ventura Co.: Willard

Canyon, McClatchie s.n. (NY); Carlisle Creek,

Santa Monica Mountains., Wishner & Sagar
2005-09-23-1 (CAS, UC); Big Sycamore Canyon,
Santa Monica Mountains., Point Mugu State

Park, Sagar 711 (UC).

i

Family Placement

As mentioned previously, components within

Bestia have been assigned to a wide assortment of

moss families since the late 1800s. Crum (1987)

aligned Bestia longipes in the Brachytheciaceae

and this placement was generally accepted by
other bryologists (Crosby et al. 2000). DNA-
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based analyses, however, suggest that Bestia,

along with Isotheciunu belong in the Lembophyl-
laceae (Goffinet and Buck 2004; Huttunen et al.

2004; Tangney 2007; Quandt et al. 2008). As part

of our present review of the problem, we obtained

a sequence for the plastid rpsA gene from a recent

collection of B. longipes and found that sequence

nearly identical to a sample included in earlier

analyses. The DNA evidence from both collec-

tions place Bestia longipes into a clade that

includes other genera generally attributed to the

Lembophyllaceae, corroborating earlier conclu-

sions. Therefore, we view Bestia and Isothecium

as the two North American representatives of the

Lembophyllaceae.

Rarity and Conservation Implications

Although Bestia is an endemic monospecific

genus restricted to coastal California, it is not

now of conservation concern. Populations of

Bestia are relatively small within a narrow band
of suitable habitat but occurrences are numerous
and geographically dispersed in the state. Ripar-

ian areas also generally have layers of legal

protections at both the state and federal levels,

especially along those streams that contribute

spawning habitat for anadromous fisheries.

Bestia occurs on a wide variety of public lands

from county and regional parks to state parks,

national forests and national parks thus contrib-

uting to its long-term conservation. Additional

populations of Bestia are likely to be documented
with ongoing exploration and collection within

the range of this species. We suspect that

populations have been overlooked when Bestia

is inadvertently assumed to be Isothecium in the

field, and therefore, it is probably under-collect-

ed.
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Flora of China Illustrations. Vol. 22. Poaceae. By
Wu Zhengyi, Peter H. Raven (editorial commit-
tee co-chairs). Hong Deyuan (editorial committee
vice co-chair). 2007. Science Press (Beijing,

China) and Missouri Botanical Garden Press

(St. Louis, MO). 937 pp. Hardcover. $140.00.

ISBN 978-1-930723-61-0.

China harbors an incredible diversity of

plants, including ca. 31,000 fern and seed plant

species, or one-eighth of the world's vascular

flora. By comparison, the United States and
Canada—together twice the size of China in land

area—have one-third fewer species (ca. 20,000).

There are ca. 1,800 grass (Poaceae) species in

China, including 534 species of woody bamboos.
Flora Reipublicae Popularis Sinicae (FRPS), a

Chinese-language Flora of the country, was
published as 80 volumes in 125 books from
1959 until its completion in 2004. The Flora of
China (FOC) is an English-language revision of

FRPS that will comprise 49 volumes when
complete, including 24 volumes devoted to

illustrations. As of December 2008, 16 text

volumes and 14 illustrations volumes had been
published, the first in 1994. The Poaceae text

volume was published in 2006.

The FOC is unusual in having separate text

and illustrations volumes. Unfortunately, for the

Poaceae (and perhaps all) treatments, the text

volume does not reference figures in the illustra-

tions volume, which means that the user cannot
tell from the text volume if a species is illustrated

in the companion volume nor, if it is illustrated,

on what page the figure appears. Because the

genera in both volumes are arranged by tribe, not

alphabetically, the index in the illustrations

volume must be consulted to find out if a species

is figured, and on what page.

All of China's 226 grass genera (including

native and naturalized species and economically

important exotics) in 28 tribes are illustrated and
arranged as in the text volume, beginning with

Bambuseae and ending with Andropogoneae.
Seventy-one percent (1,271) of the species and 74

infraspecific taxa are illustrated as line drawings

in 904 full-page plates, and a lovely color figure

of Phyllostachys reticulata serves as the frontis-

piece. Indeed, all of the line drawings, inked by 76

illustrators, are beautiful and detailed. Most were
published previously in FRPS, although many of

these were redrawn for FOC. Text in the plates is

minimal—only scale bars, which are given for

about half of the plates, and numbers identifying

the figure parts which are explained in the

captions. The captions also include the scientific,

Chinese, and pinyin names of the taxa, page

references to where the taxa are treated in the

FOC Poaceae text volume and FRPS, the names
of the artists, and the sources of illustrations not

published in FRPS. There are three indices of

names—Chinese, pinyin, and scientific.

The Poaceae illustrations volume is a vital :

companion to the text volume for those learning

and identifying Chinese grasses. In fact, as one-

sixth of the world's grass species are found in

China, both volumes should be close at hand for :

anyone interested in the diversity of this large, '

ecologically and economically important plant

family.

—J. Travis Columbus, Research Scientist, Rancho Santa

Ana Botanic Garden, and Associate Professor, Claremont

Graduate University, 1500 N. College Ave., Claremont,

CA 9171 1-3157; j.travis.columbus(^cgu.edu. ,
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A TAXONOMIC REASSESSMENT OF CLARKIA CALIENTENSIS AND
CLARKIA TEMBLORIENSIS
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Abstract

The taxonomic relationships of Clarkia calienlensis were re-evaluated in light of information

accumulated subsequent to its designation as C. temhloriensis subsp. calieutensis. Closeness of

relationship between C. calieutensis and C. temhloriensis was based on ease of crossing and on
cytological pairing configurations in intertaxon hybrids. These interpretations require the assumptions

that closely related species are easy to cross, and that maximum cytological configurations are known.
However, extensive crossing data show that sympatric, closely related species of Clarkia are very

difficult to cross but allopatric species cross rather readily. Furthermore, the cytological data are

incomplete as maximum configurations are seldom observed, and some hybrids have not been

produced. In both cases, the required assumptions are not tenable. Sterile hybrids between these two
easily crossed taxa are strong evidence that they are not conspecific. Consequently, C. calieutensis

should be recognized as an independent species. Examination of floral variation in C. temhloriensis led

to the recognition of large-flowered, protandrous forms as a new subspecies: C. temhloriensis subsp.

longistyla.

Key Words: Clarkia calieutensis, C. temhloriensis, crossability, hybrid sterility, outcrossing rate,

translocations.

This paper is dedicated in honor of Professor F.

Harlan Lewis, who passed away in December,

2008.

Clarkia calienlensis Vasek (Onagraceae) occurs

only in the Caliente Hills, east of Bakersfield

(Vasek 1977). Clarkia temhloriensis occurs in the

arid. Inner Coast Ranges from Alameda and San
Joaquin Counties (Corral Hollow) southward to

San Luis Obispo and Kern Counties (Temblor
Range), and in the Cahente Hills and Tejon Hills,

east of Bakersfield (Vasek 1977). They are related

to each other, and to C. exilis and C. spring-

villensis of the Sierra foothills in Kern and Tulare

Counties, as well as to the widespread C.

unguiculata from which all four were probably
derived (Vasek 1958, 1964a, 1968, 1977). The
derivatives are allopatric with each other, but

sympatric, or marginally so, with C. unguiculata

at the low elevation margin of its range. These
derivative species are similar to one another but
were first recognized in the field on morpholog-
ical traits and subsequently subjected to extensive

studies of distribution, ecology, flowering, devel-

opment, cytology, and breeding systems (Vasek
1977, and included references). Nevertheless, they

may be difficult to distinguish as herbarium
specimens.

A study was undertaken by Holsinger (1985) to

determine how these species correspond with
phenetic groupings. Upon completion of this

phenetic study, a reinterpretation of then existing

' Retired

^Present address: 3418 Mono PI., Davis, CA 95618.

cytogenetics, crossing relationships, and ecological

data resulted in the conclusion that C. temhlor-

iensis and C. calieutensis had origins independent

of C. unguiculata, and should be considered

conspecific. Furthermore, C. calienlensis Vasek
was transferred to C. temhloriensis as a subspecies,

C. temhloriensis subsp. calienlensis Holsinger.

Since then, new collections, and extensive re-

search, particularly in population dynamics and
breeding system functions have added new infor-

mation and insights. The present paper reviews the

available information, both old and new, and
clarifies the relationships of these species.

Taxonomic Status of C. calientensis

The phenetic study by Holsinger (1985) in-

cludes two main parts: a phenetic study proper,

and a reinterpretation of existing information.

The phenetic study is carefully detailed and well

done. A first ordination, based on petal size,

ovary pubescence and stigma exsertion against

ovary size (length and width), determined three

clusters corresponding to: Clarkia unguiculata, C.

exilis, and a mixed group of C. springvillensis, C.

temhloriensis, and C. calientensis. A second
ordination of the latter group separated out C.

springvillensis by ovary size and its purple sepals.

The continued grouping of C. temhloriensis and
C. calientensis could not be resolved. However, a

secondary ordination of just the mixed subgroup
(Fig. 3 in Holsinger 1985) showed essentially

separate groupings for, not only C. springvillensis,

but also for C. calientensis, and for large-flowered

and small-flowered forms of C. temhloriensis. The
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discussion indicates that petals of C. calientensis

are larger than those of small-flowered C.

tembloriensis and about the same as large-

flowered C. tembloriensis. Further, C. calientensis

differs from both forms of C tembloriensis by a

more slender ovary and slightly broader leaves.

Despite methodological limitations imposed by
reliance on character traits of flowering herbar-

ium specimens, the phenetic study generally

agrees with a larger phenotypic study (Vasek

1977) of the same species, which enjoyed the

luxury of developmental traits and larger popu-
lation samples and provided an estimate of

phenotypic plasticity. Both studies show a close

similarity, but not identity, of C calientensis with

small-flowered C. tembloriensis.

The second part of the phenetic study is more
speculative. On the basis that hybrids were
readily produced between C calientensis from
the Caliente Hills and C. tembloriensis from the

Temblor Range, it concludes that these two
species are conspecific and did not have indepen-

dent origins in C. imguiculata (as suggested by
Vasek 1964a, 1968, 1977). This interpretation

requires the assumption that closely related

species are easily crossed. Closely related deriv-

ative species generally occur adjacent to parental

species (Lewis and Raven 1958) and probably
originated about where they are found now. With
sympatric or even marginally sympatric species,

some barrier to crossing must be in place upon,
or soon after, origin of a derivative species.

Otherwise, the original species and its derivative

would cross breed back to panmixia. One
possible isolating mechanism might be based on
control or selection of the pollen genotypes that

actually function in particular stigmas and styles.

A significant body of data has been accumulating
recently on this and related topics (Bowman
1987; Jones 1994; Kerwin and Smith-Huerta
2000; Smith-Huerta 1996b, 1997; Smith-Huerta
and Vasek 1984). Another possible isolating

mechanism is hybrid sterility occasioned, per-

haps, by chromosomal translocations (Vasek

1958, 1964a, 1968). Sympatric, or marginally

sympatric species of Clarkia are actually very

difficult to cross, and some hybrid combinations
have not been produced despite numerous
attempts. Thus, strong isolating mechanisms are

in place. In addition, the few hybrids produced
are usually highly sterile, often as a consequence
of chromosome rearrangements. In contrast,

allopatric species are rather easily crossed (Vasek

1958, 1964a, 1968), but their hybrids are also

usually sterile. In any event, the required

assumption regarding crossability and the close-

ness of relationship is not supported.

The second part of the phenetic study also calls

upon cytological data to indicate that C. calien-

tensis and C. tembloriensis are more closely

related to each other than to any other taxon of

this group. Most interspecific hybrids in this

group of Clarkia are heterozygous for a number
of translocations, often 5 or 6 (Vasek 1964a,

1968). Four or more translocations are indicated

(citing Vasek 1964a) as the difference between C.

calientensis and C. unguiculata, compared with
only three translocation differences between C.

calientensis and C. tembloriensis (citing Vasek
1968 as 1967). An interpretation like this requires

that maximum translocation configurations are

known for the interspecific hybrid combinations
being considered. However, the former hybrid

discussed here has not been produced despite 30

attempts (Vasek 1968). In the latter hybrid, the

maximum configuration may or may not have
been observed, since only one cell, out of 55

analyzed, showed a closed ring of 8 chromo-
somes. Maximum translocation configurations

are seldom observed, and hence are often

problematical. An attempt to construct detailed

relationships based on the perception that one
hybrid may have one more translocation than

another exceeds the capability of the data
available. The evidence, therefore, does not

support the conclusion.

The second part of the phenetic study also

suggests derivation of C. calientensis in the

Caliente Hills from C. tembloriensis in the

Temblor Range. Given the distance and the

unsuitable terrain between, such an event is

geographically highly improbable. Clarkia tem-

bloriensis (large fiower type) does occur in the

upper, eastern portion, and C. calientensis occurs

in the lower western portion, of the Caliente

Hills, but they are not sympatric. C unguiculata

occurs between and is marginally sympatric with

both. Hence, the geography would favor either C.

unguiculata or large-flowered C. tembloriensis as

a possible species of origin. Whereas C. unguicu-

lata is well known for chromosomal innovation,

C. tembloriensis is cytologically uniform as far as

is known. Therefore, C unguiculata seems a more
likely source of origin for C. calientensis, as it

likely was for C. exilis, C. springvillensis, and C.

tembloriensis.

Finally, the sterility of hybrids between C.

calientensis from the Caliente Hills and C.

tembloriensis from the Temblor Range is strong;

evidence that the two are not conspecific.

Accordingly, the evidence presented does not

support the reinterpretation of data in the second

part of the phenetic study. Therefore, it is
,

recommended, that Clarkia calientensis be recog-

nized at the species level.

Taxonomy of Clarkia tembloriensis

Floral Variation
|

Clarkia tembloriensis was described (Vasek

1964b) primarily from material under study from
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Table 1. Synoptic Comparison of Flower-Types in Clarkia tembloriensis. Entries for style and petal

length are rounded progeny means for experimental plants grown in a greenhouse. CP = crinkled petal. ND = not

determined. ' Estimate from a very small population in Cedar Canyon (Temblor Range) having a very high

percentage of CP. - In table 3 (Vasek and Weng 1988), samples Tl and T2 are large-flowered out crossers, and
samples T3-T5 are small-flowered outcrossers.

Flower type Large outcrosser Small outcrosser Small selfer Small CP

Flower size index 78-70 66-55 5^2 42-33

Outcrossing rate (%) 87-67 58-51 26-03 61' 08

P/O ratio- 160-148 164-141 73-30 ND
Style length - mm (mean) 22-22 19-16 13-10 13-09

Petal length - mm (mean) 24-21 19 14 15-10 11 09

Kern and San Luis Obispo counties (Vasek

1964a). Plants farther north were scarcely known
and not yet available for study, but a few plants

from as far north as San Benito County
contributed to the species description (Vasek

1964b). Later collections and field studies estab-

lished the occurrence of large-flowered popula-

tions in San Benito and Kern counties (Vasek

and Sauer 1971; Vasek and Harding 1976) and
introduced the concept of small-flowered and
large-flowered syndromes in Clarkia (Moore and
Lewis 1965; Vasek 1971, 1977; Holsinger 1985;

Vasek and Weng 1988; HoUsford and Ellstrand

1989, 1992).

A large flower syndrome collectively includes

large hypanthia, sepals and petals and long styles

in an out crossing breeding system. Development
of the stigma is delayed for a number of days as

the style and other flower parts continue to grow.

Hence the flowers attain larger size, before the

stigma expands and becomes receptive (Smith-

Huerta and Vasek 1984, 1987). Often, a half

dozen flowers or so may open before the stigma

of the first flower expands in readiness for

polHnation. Separation of the stigma from the

anthers, both in time and space, imposes a

requirement for a pollen vector (Vasek 1968).

A small flower syndrome collectively includes

smaller hypanthia, sepals and petals and a shorter

style associated in a breeding system capable of

effecting unaided self-pollination. The stigma

matures and expands, and is receptive for

polHnation the first or sometimes the second
day of anthesis. Growth of the style stops upon
stigma maturation, and growth of petals stops

soon after (Vasek 1958).

The large-flowered group within C temblor-

iensis includes only one prominent flower-type:

large-flowered out crossers (Fig. 1). However, the

small-flowered group includes three prominent
flower-types: small-flowered out crossers, small-

flowered selfers, and crinkled petals (Fig. 2).

Together, the four flower-types differ in two
major variable traits and their included compo-
nents: flower size and out crossing rate. A flower
size index was developed for small-flowered
plants by summing measurements (in mm) of
petal width and the lengths of ovary, hypanthi-

um, sepal, style and petal (Vasek 1964a), and
extended to large-flowered plants by adaptation

of data in a study of phenotypic variation (Vasek

1977). Herbarium specimens examined for this

paper fall into the same flower-size index classes,

with the same ranges, as just described for

experimental material.

Outcrossing rates were taken directly from the

estimates of Vasek and Harding (1976) based on
phenotypic traits, and of Holtsford and Ellstrand

(1989) based on isozyme polymorphisms. In

addition, a general indication of breeding system

characteristics is afforded by the pollen/ovule

(P/O) ratio, and this information is taken directly

from a study by Vasek and Weng (1988). A
synoptic comparison of the four flower-types is

summarized in Table 1

.

The type locahty for Clarkia tembloriensis is

Carneros Rocks (Vasek 1964b) on the east side of

the Temblor Range (Kern County) at an
elevation of about 1400 ft. This standard small-

flowered self-pollinator (Fig. 2a) is common in

the Temblor Range region of western Kern and
eastern San Luis Obispo counties and northward
to Fresno County (Cantua Creek), Merced
County (Los Banos Creek), and to Alameda
and San Joaquin counties (Corral Hollow).

Standard small-flowered plants are fully capable

of self-pollination, but some cross-pollination

commonly occurs (Table 1).

Two prominent variations occur. One variant

form, termed small-flowered outcrossers (Smith-

Huerta, personal communication), has styles

somewhat longer than those in standard small-

flowered selfers, and some degree of protandry

may occur (Fig. 2c). The flowers are generally a

little larger, and the outcrossing rate somewhat
higher, than in standard small-flowered plants

(Table 1). Several small-flowered outcrossing

populations occur at elevations above 2300 ft in

the Temblor Range, and at lower elevations in

the Red Hills (Hughes Canyon), and in the

Kettleman Hills and Corral Hollow.

A second variant is termed crinkled petal (CP)

in which petals are reduced to very narrow (1-

3 mm wide) sepal-like, unexpanded structures in

which the blade is scarcely wider than the very

short claw (Fig. 2b). CP is conditioned by a single
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Fig. 1. Clarkia tenihloriensis subsp. longistyla. a) Five consecutive flowers (top to bottom) from flower opening

through style and stigma development to pollination; b) a young flower with elongating style and immature stigma;

c), an older flower with expanded stigma recently pollinated. Photographs courtesy of N.L. Smith-Huerta. The
white line represents a length of 1 cm.

recessive gene and occurs in both standard small-

flowered populations and in small-flowered

outcrossing populations (Vasek 1964a, 1966;

Smith-Huerta 1992, 1996a), and therefore has

little taxonomic significance. Nevertheless, some
populations may have rather high CP frequencies

and CP is apparently fixed in one population near

Cholame. CP plants have not been observed

north of San Luis Obispo County.

The final major flower-type consists of large-

flowered plants (Fig. la) with long styles

(Fig. lb, c), large flower parts, marked protandry

and high outcrossing rates (Table 1). Large

populations occur in the Griswold Hills (San

Benito Co.) and Tumey Hills (Fresno Co.) and
the Caliente Hills (Kern Co.). Protandrous, large-

flowered plants have also been collected in

Stanislaus Co. (Arroyo del Puerto: Sharsmith in

1935) and in Kern Co. (near Long Tom Mine:

Smith in 1941; and near Bakersfield: Davy in

1896).

Small-flowered plants had been intercrossed

experimentally in numerous combinations, with

no sign of any reduction in fertility or chromo-
somal uniformity (Vasek 1964a). Large-flowered

types had not yet been available for inclusion in

the hybridization program, and subsequently

were assumed to be completely interfertile with

the small flowered types. This assumption has

been ably documented by the elegant experimen-

tal investigations of pollen germination and
pollen tube growth in both types and their

hybrids (Kerwin and Smith-Huerta 2000; Smith-

Huerta 1996b).

Discussion and Conclusion

Variation in flower size in small-flowered

selfers and small-flowered outcrosssers is essen-

tially continuous (Table 1 ). Some populations

may include both small-flowered types, at least at

different times. Both types occur along the length

of the species range and are commonly adjacent

in and around the Temblor Range. Interestingly,

the small flowered outcrossers have high P/O
ratios, comparable to those of large-flowered

outcrossers, and higher than those of small-

flowered selfers (Table 1).

The somewhat similar occurrence of slightly

longer styles and some degree of protandry was
reported in C. exilis (Vasek 1958), an otherwise

small-flowered selfer. It is tempting to think of

small-flowered outcrossers as an intermediate

step in the evolution of a self-polhnating system

(see Moore and Lewis 1965).

The difference between large-flowered out

crossers and small-flowered out crossers is

essentially discontinuous, especially for flower

size (Table 1; and fig. 3 in Holsinger 1985). The
two types have not been observed in mixed
populations and their ranges apparently do not

overlap. Occasionally, however, an odd plant

with small flowers has been collected in a

population area of a larger flower type. Two
examples are known in which a small-flowered

plant with short styles was collected in a locality

where large-flowered plants with long styles were

collected in other years: Griswold Hills: Hesse

2451 in 1958 and Raven 10866 in 1957; and
Tumey Hills: Vasek 620505-3 in 1962 and Sanders

35150 in 2008. Similarly, a stunted plant with

very small flowers was collected by Smith-Huerta

s.n. in 2004 in an often-visited study population

of small-flowered outcrossers in the Temblor
Range. These examples of presumed phenotypic

plasticity may reflect adverse weather conditions,

as is commonly observed for late season or poor

season reduction in size of parts (Vasek 1977;
,

Hohsford and EUstrand 1992). Problems of this
I

sort are few and only minimally inconvenient.
j

On the basis of the evidence reviewed here, the
|

protandrous plants with large flowers and long, !

exserted styles (Fig. la, b, c) are hereby proposed

for recognition as a new subspecies, C. temblor-
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Fig. 2. Clarkia temhloriensis subsp. temhloriensis. a) A standard small flower from Cantua Creek, with a short

style and a receptive stigma among anthers of about the same length; b) a flower with crinkled petals (CP) from
Red Rocks near Cholame, with style and stamens about the same length; c) a small flowered outcrosser from
McKittrick Road, with an elongating style and an immature stigma exceeding the anthers. Photographs courtesy of

N.L. Smith-Huerta. The white line represents a length of 1 cm.

iensis subsp. longistyla, and the small-flowered

types are proposed to constitute the residual

subspecies, C. temhloriensis subsp. temhloriensis.

Taxonomy

Clarkia temhloriensis subsp. longistyla Vasek
subsp. nov. (Fig. 1)—TYPE: USA CALIFOR-
NIA, San Benito County, Griswold Hills,

4.6 mi south of Panoche Road. May 4, 2008.

Sanders 35167 (holotype UCR; isotypes: CAS,
DAY, MO, NY, RSA, SBBG, SD, UC, US).

Sanders 35187 (paratypes: DAY, UCR); Sand-
ers 35150 (paratypes: CAS, DAY, RSA, UC,
UCR).
Flores hypanthiis 2-A mm; sepalis viridibus,

interdum ruberis suffusis, 14—18 mm, connatis (in

4 s), puberulentis, sine longis patentibus pilis;

petaHs lavandulis-roseis, interdum unumquidque
cum purpurascenti macula, 17 25 mm, unguibus
gracilibus integeris longitudibus 1- vel 2-plo

laminis, laminis plus minusve rhombicis; stame-

nibus 8, extimis antheris ruberis vel lavandulis et

intimis dilutioribus; stylis 17-25 mm, longiexser-

tis, extensis ultra stamenibus, stigmatibus non
fungentibus antea 3-6 diebus postanthesin; cap-

sulis 1.5-3 cm.

Steins erect, to 8 dm, glabrous, glaucous.

Leaves lanceolate 2-7 cm, 0.5-2.5 cm wide,

glaucous, gray-green: petioles 0-13 mm. Inflores-

cence axis in bud straight; buds reflexed. Flowers
with hypanthia 2^ mm; sepals 14—18 mm long,

green, sometimes tinged with red, connate,
puberulent, without long spreading hairs; petals

17-25 mm long, lavender-pink, often with pur-

plish spot, with claws slender, entire, lengths 1-2

times blades, with blades more or less rhombic;
stamens 8, with outer anthers red to lavender, the

inner paler; styles 17-25 mm, long-exserted,
extending beyond stamens, with stigmas not
receptive before 3-6 d after anthesis; capsules
1.5-3 cm. Flowering April-May. California. Two

disjunct areas: A) Interior Coast Ranges, San
Benito, Fresno, and Stanislaus counties; and B)

Sierra Foothills, Kern County.

Representative collections: CALIFORNIA.
Fresno Co.: Tumey Hills, Sanders 35150 (CAS,
DAY, RSA, UC, UCR); Mercy Springs, Smith-

Huerta s.n. (RSA); S. of Panoche Rd., Leu is &
Lewis 911 (UC); Ciervo Hills, Croshv & Morin
14358 (RSA). Kern Co.: Caliente Hills, Vasek
670416-2 (UCR); Bakersfield, Davy 1711 (UC);
Long Tom Mine, Smith 351 (JEPS, RSA). San
Benito Co.: Griswold Hills, Sanders 35187 (DAY,
UCR); Constance & Morrison 2267 (POM, UC);
Raven 10866 (RSA, UC); McCaskill 440 (DAY);
Hohsford 860506-6 (UCR). Stanislaus Co.: Ar-
royo del Puerto, Sharsmith 1753 (UC).

Clarkia temhloriensis subsp. temhloriensis Yasek
(Fig. 2).

Flowers smaller than those of Clarkia temhlor-

iensis subsp. longistyla, with the hypanthia 2-

3 mm; sepals 10 14 mm, petals 8 16 mm long,

5-8 mm wide; or, sometimes narrower, or re-

duced and unexpanded, the claw scarcely distin-

guishable from the blade, which may be only 1-

3 mm wide; style short, usually less than 16 mm,
not exceeding the stamens, or only slightly so, the

stigma receptive usually the first or second day
the flower opens. 18 (Yasek 1964a).

Flowering April May. California. Interior Coast
Ranges, western Kern County to Alameda and
San Joaquin Counties. 400 to 3300 ft in elevation.

Representative collections: CALIFORNIA.
Alameda Co.: Corral Hollow, Eastwood & Howell
5291 (RSA). Fresno Co.: Tumey Hills, Vasek
620505-3 (UCR); Ciervo Hills, Preston 2070
(DAY); Cantua Creek, Hohsford s.n. (UCR);
Vasek 620505-2 (UCR); W. of Coalinga, Vasek
620505-5 (UCR); Warthan Creek, Helmkamp s.n.

(UCR); Coyote Canyon, Janeway 1529 (CHSC).
Kern Co.: Carneros Rocks, Vasek 580503-2
(UCR); Carneros Canyon, Hohsford s.n.
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(UCR). Kings Co.: Kettleman Hills, Hoover 3301

(UC); Sanders 22727 (UCR). Merced Co.: Los
Banos Creek, Janeway 1597 (CHSC). San Benito

Co.: Griswold Hills, Hesse 2451 (UC). San
Joaquin Co.: Corral Hollow, Hoover 3358 (UC),
Taylor 8790 (JEPS, UC). San Luis Obispo Co.:

Red Canyon (Cholame), Holtsford s.n. (UCR);
Syncline Hill, Preston 1122 (DAY, UCR);
Hughes Canyon, Holtsford s.n. (UCR); Temblor
Range (McKittrick Rd.), Holtsford s.n. (UCR);
Smith-Huerta s.n. (RSA); Temblor Range
(3,000 ft), Johannsen 1141 (UC); W. Soda Lake,

Vasek 620502-1 (UCR).
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Abstract

Baker (1991) proposed that forest differences observed on either side of a fence were attributable to

differences in grazing. The study location is in a subalpine forest on the Pike National Forest adjacent

to the fenced boundary of Colorado Springs watershed land. Grazing on the watershed land has been

excluded for over a century, and U.S. Forest Service land has had moderate grazing over the same
time period. The Forest Service land supports a relatively dense forest comprised primarily of Piims

aristata. The watershed land has a less dense cover composed primarily of Picea engelmcnmii. Baker

(1991) attributed vegetation differences to differential grazing pressure. Additional information

suggests an alternate explanation for the vegetation characteristics of this site. In the 1930's, the Forest

Service began a program of monitoring areas where trees had been planted or where forest health was
a concern. Included in these photographic records is a 1960 photograph of the study area that

documents the differences in forest type and cover are related to tree planting activities on the Forest

Service side of the fence. The evidence that these trees are planted is based on the linear pattern of

trees and a general map that shows where tree planting was done.

Key Words: Colorado Rocky Mountains, grazing. Pikes Peak, repeat photography, subalpine forests,

tree planting.

Baker (1991) published an analysis of a

subalpine environment on the southern slope of

Pikes Peak, Colorado (Range 68 W, Township 15

S, Section 5). He was interested in differences in

forest composition related to the different land

uses on either side of a fence (Fig. 1). Erected at

the beginning of the twentieth century, the fence

separates U.S. Forest Service land from Colorado
Springs watershed land. The area on both sides of

the fence had been affected by a wildfire in the

late 1860's and land on the Forest Service side of

the fence had been used for cattle grazing. Cattle

had been excluded from the adjacent watershed
land for more than a century. Pinus aristata

Engelm. (bristlecone pine) is the most common
tree on the Forest Service land while Picea

engelmannii (Parry) Engelm. (Engelmann spruce)

is the dominate tree on the watershed side. Using
tree rings Baker (1991) was able to determine that

the P. engelmannii had established between 1886
and 1921 while the P. aristata stands were
younger with establishment dates between 1934
and 1952. Baker (1991) concluded that the

distinct differences between the two sides of the

fence are the result of the differential grazing

uses. He hypothesized that grazing on the Forest

Service side of the fence had led to drier

conditions because of reduced plant cover that

favored P. aristata over P. engelmannii.

Forest Service records indicate that there is

another reason for this asymmetric tree distribu-

tion. Following the establishment of the U.S.

Forest Service in 1905, large portions of the Pike

National Forest were reforested through plant-

ings. Stahelin (1941) reported that between 1906

and 1941 approximately 32,000 acres in Pike

National Forest were planted with trees grown at

the nearby Monument Nursery. To monitor the

health of these trees, the Forest Service estab-

lished a repeat photography program in the

1930's. The goal of the program was to do repeat

photography on a decadal basis. The program
was abandoned in the 1960's, and the records

were stored by the Forest Service at the Pikes

Peak Ranger District Office in Colorado Springs.

One of these photographic sites is located near

Baker's (1991) site. Although the photographic

site was positioned southwest of Baker's site.

Forest Service employee J.D. Grover, found the

tree pattern along the fence to be of enough
interest to photograph it 1960 (Fig. 2). There is

no written documentation associated with the

photograph that definitively described this loca-

tion as being planted, but the linear tree pattern

strongly suggests that trees on the Forest Service

side of the fence were planted. Other well

documented photographs of planted trees else-

where on Pikes Peak show this same type of

pattern, so it is reasonable to attribute the tree

pattern to human intervention (Jennings 2003).

This photographic evidence appears to refute

Baker's (1991) conclusion that grazing was the
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cause of the differences across the fence. It

appears more hkely that tree planting has had a

much greater impact on the plant distribution

than grazing. The ages of the P. ciristata trees

corresponds with the time of planting and the

high density of trees is commensurate with

planting densities of that time (Jennings 2003).

The differences that Baker (1991) attributes to

grazing can also be attributed to tree planting. In

some areas of the Western United States it is

important to investigate the tree planting history

of the area in order to understand the forest

dynamics for that area (Show 1924; Flora 2003;

Carnus et al. 2006). In many cases the documen-
tation is not readily available. It is apparent that

while Baker (1991) was diligent in examining
Forest Service records, he never located the

photographs. Only their recent discovery by a

Forest Service employee provides a better under-

standing of the Pikes Peak planting history. The
author gained access to the photographic record

only after asking the Forest Service about
planting documents a year or two earlier. These
documents turned out to be valuable sources of

information about the forest history of the Pike

National Forest. Lacking documentation, it

would be prudent for a researcher to examine a

study site with the intent of determining if there

are indications that the trees at the site had been

previously planted. Characteristics of planted

forests in the Pike National Forest include trees

organized in linear patterns, densely planted

trees, and single species stands. The logistics of

tree planting would suggest that these character-

istics would be found in other regions of the

United States. For example, Stahelin (1941)

documents that plantations of varying sizes are

located throughout Colorado. Researchers would
be prudent to keep in mind the likelihood of

historical reforestation activities when studying

forest stands in Colorado.
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Fig. 2. The same site as Fig. 1 taken in 1960. The hnear pattern indicates that the trees on the left side of the

photograph were planted.
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California

Viburnum edule (Michx.) Raf. (Caprifolia-
CEAE).—Siskiyou Co., McCloud, in a spring-fed

montane riparian/montane meadow habitat. Associated

species include Salix lucida, Crataegus suksdorfiii.

Spiraea douglasii, Ribes nevadense. Primus virginiana,

Rhanmus purshiana, Cornus sessilis, Carex spp., Juncus

spp., Mimulus guttotus, Populus tremuloides. and Piims

ponderosa. Girard Ridge USGS 7.5' quadrangle, T39N
R3W NE'/4 Sec. 12, UTM 10 0572283E 45689 12N,
elevation 945 m, 5 July 2007, L. Lindstrand III, s. n.

(North State Resources Herbarium' [private], Shasta-

Trinity National Forest Herbarium-, JEPS).

Previous Knowledge. Viburnum edule has not previ-

ously been recorded from California. The species is

known to occur across Canada and the northern U.S. in

moist forests and swamps. This finding represents the

first record of the species in California, and also

represents the southernmost-recorded extent of the

species on the west coast of North America. At the

McCloud site the species was first observed in

vegetative and flowering condition on 12 June 2007,

when a small amount of material was collected in the

field. Following an initial examination, the plant was
considered to be an undetermined species of Viburnum.

Subsequently, the species was examined by the second

author and tentatively identified as Viburnum edule.

Additional plant material was collected in the field on 5

July 2007, and a voucher was sent to the Jepson
Herbarium for annotation, where herbarium staff

confirmed the species identification as Viburnum edule,

noting that the determination "is obvious".

Signifieance. This represents the first recorded obser-

vation of Viburnum edule in California, and along with

Viburnum ellipticum, is the second species of Viburnum
known to occur in the state. This also represents a

southern extension of the species in the west coast

portion of its range. Viburnum edule occurs from Alaska
to Newfoundland, south to Oregon, northern Idaho,

Colorado, Minnesota, and Pennsylvania; including

sixteen states and twelve provinces (NatureServe, 2007,

NatureServe Explorer: An online encyclopedia of life

[web application]. Version 6.2, NatureServe, Arlington,

Virginia, Available http://www.natureserve.org/explor-

er. Accessed November 19, 2007). Viburnum edule is

currently designated by the states of Michigan, New
York, and Vermont as a threatened species, as

endangered by the state of Wisconsin, and as a special

concern species in Maine. In the northwestern U.S.,

Viburnum edule occurs in western, central and north-

eastern Washington, northern Idaho, and north-central

Oregon (Hitchcock, C. L., A. Cronquist, M. Ownbey,
and J. W. Thompson [eds.], 1959, Vascular Plants of the

Pacific Northwest, Vol. 4, Seattle, WA), and has no
conservation status in those states. The nearest recorded

locations are approximately 402 km north of the

' North State Resources, Inc. Herbarium, 5000
Bechelli Lane, Suite 203, Redding, CA 96002.

~ Shasta-Trinity National Forest Herbarium, 3644
Avtech Parkway, Redding, CA 96002.

McCloud site in the Cascade Range of central Oregon
at Mink Lake Basin, Lane County, at 1410 m elevation

(Oregon Plant Atlas, Oregon Flora Project, [web
application]. Available http://www.oregonflora.org,

[Accessed November 5, 2007]) (R. E. Brainerd #57,
September 4, 1997; ZUMREB57).

—Len Lindstrand III, Fisheries/Wildlife Biologist,

Terrestrial Biology Program Manager, North State

Resources, Inc., 5000 Bechelli Lane, Suite 203, Red-
ding, CA 96002. lindstrand(^nsrnet.com; and Julie
KiERSTEAD Nelson, Forest Botanist, Shasta-Trinity

National Forest, 3644 Avtech Parkway, Redding, CA
96002. jknelson(^fs.fed.us

California

Atriplex AMNICOLA Paul G. Wilson (Chenopodia-
CEAE).—Los Angeles Co., City of Malibu, Malibu
Lagoon at Pacific Coast Hwy., UTM (NAD 83) IIS

0344636E 3766992N, elev. 10 m, locally common on
beach sands, in sandy scrub, edge of salt marsh, and
along paths and access roads, 8 Jul 2006, Riefner 06-289

(CANB, CDA, RSA). Orange Co., City of Dana Point,

beach south of Salt Creek near Ritz Carlton Hotel at

Pacific Coast Hwy., UTM (NAD 83) 043360 IE
37029 17N, elev. 2 m, uncommon, 22 May 1999, Riefner

99-290 (RSA); same locality, 9 Sep 2005, Riefner 05-658

(RSA); City of Newport Beach, Upper Newport Bay, E
of Bayside Dr. at confluence with Big Canyon drainage,

UTM (NAD 83) IIS 0418191E 3721588N, elev. 6 m,
locally common, edge of salt marsh and in Atriplex

lentiformis scrub, 16 Sep 2005, Riefner 05-666 (CANB,
CDA, RSA); City of San Clemente, along north-bound
1-5 Freeway at Camino de Estrella exit, UTM (NAD
83) lis 0439445E 3702126N, elev. 67m, frequent,

annual grassland and planted Eucalyptus stand, 12 Feb
2006, Riefner 06-21 (CANB, CDA, RSA); City of

Newport Beach, N shore of Newport Bay, near

Bayview Wy. and Bayview PI., UTM (NAD 83) IIS

0419132E 3723855N, elev. 7 m, common, edge of

riparian scrub and in coastal sage scrub, 17 Apr 2006,

Riefner 06-155 (CDA, RSA); City of Newport Beach, E
of Newport Bay, Big Canyon Creek drainage near Back
Bay Dr., UTM (NAD 83) IIS 04I7997E 3721493N,
elev. 9 m, common, edge of salt marsh, on alkaline flats,

and in disturbed scrub, 6 Aug 2006, Riefner 06-381

(CDA, RSA); City of San Juan Capistrano, San Juan
Creek, ca. 0.2 mi W of intersection of Paseo Tirador

and Calle Arroyo St., UTM (NAD 83) IIS 0439010E
3706660N, elev. 31 m, locally common, edge of riparian

woodland and in open field, 4 Aug 2007, Riefner 07-344

(RSA); City of San Juan Capistrano, San Juan Creek,

vicinity of San Juan Creek Rd. and Paseo Christina,

UTM (NAD 83) IIS 0440852E 3707792N, elev. 34 m,
locally common, dirt lot, disturbed creek bank, and
Baccharis salicifolia scrub, 1 1 Sep 2007, Riefner 07-378

(RSA); City of San Clemente, vicinity of Calle Vicente

and Ave. Vaquero, UTM (NAD 83) 0440240E
3702 184N, elev. 40 m, locally common on roadside

slopes, 26 Oct 2007, Riefner 07-455 (RSA); City of San
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Clemente, vicinity of Camino de Los Mares and Calle

Nuevo, UTM (NAD 83) 0440303E 3702760N, elev.

45 m, large population on steep slope near residential

community, spreading to roadsides and coastal sage

scrub, 25 May 2008, Riefner 08-118 (RSA). San Diego

Co., University City, Governor Dr. on-ramp at Hwy.
805, UTM (NAD 83) IIS 0482779E 3635380N, elev.

117 m, uncommon, roadside in ruderal vegetation, 19

Nov 2006, Riefner 06-681 (RSA).

Previous knowledge. Atriplex amnicola (river salt-

bush) was not included in The Jepson Manual or in

recent publications listing non-native species or facul-

tative exotic wetland plants recently established in

California (Taylor and Wilken 1993, in Hickman, ed..

The Jepson Manual: Higher Plants of Cahfornia,

University of California Press, Berkeley, CA; Hrusa et

al. 2002, Madrofio 46: 61-98; DiTomaso and Healy
2003, Aquatic and Riparian Weeds of the West, U.C.
Agriculture and Natural Resources Publication 3421,

Oakland, CA; DiTomaso and Healy 2007, Weeds of

California and other Western States, Vol. 1, Aizoaceae-
Fabaceae, U.C. Agriculture and Natural Resources
Publication 3488, Oakland, CA; Grewell et al. 2007,

Estuarine wetlands, in M.G. Barbour, T. Keeler-Wolf,

and A.A. Schoenherr, eds.. Terrestrial Vegetation of

California, 3rd ed.. University of California Press,

Berkeley, CA; Riefner and Boyd 2007, J. Bot. Res. Inst.

Texas 1: 709-730). Atriplex amnicola, a native of
Australia, however, is well established on sea beaches
and in coastal scrub near Malibu in Los Angeles
County (Welsh 2004, in Flora of North America,
Vol. 4, Oxford University Press, New York, NY). A
small population has recently been reported from
Newport Back Bay in Orange County, where it is

spreading rapidly (Clarke et al. 2007, Flora of the Santa
Ana River and Environs, Heyday Books, Berkeley,

CA).

In Western Australia, A. amnicola occurs in coastal

regions and inland sites along creeks and the margins of
salt lakes (Wilson 1984, in Flora of Australia, Vol. 4,

Australian Government Publishing Service, Canberra,
Australia.). It is one of a suite of saltbushes utilized for

rehabilitation of saltland pasture and harvested for

commercial seed production in Western Australia

(Barrett-Lennard 2003, Saltland Pastures in Australia-

A Practical Guide, Land, Water and Wool, Canberra,
Australia; Tranen Revegetation Systems 2005, Austra-
lian Native Seed Catalogue, Jolimont, Western Aus-
tralia; Stevens et al. 2006, Austrahan J. Agricultural

Res. 57: 1279-1289). Due to its tolerance to saline soils

and waterlogged conditions, A. amnicola is also used for

reclaiming salt-affected wasteland in developing coun-
tries (Asad 2002, Communications in Soil Science and
Plant Analysis 33: 973-989; Menzel and Lieth 2003, in

Leith and Mochtchenko, eds., Cash Crop Halophytes:
Recent Studies, Kluwer Academic Publishers, Dor-
drecht). Saltbushes (Atriplex spp.), both native and
exotic species introduced from Australia, South and
North America are also utilized in large-scale arid land
rehabilitation in the Mediterranean Basin (Le Houerou
1992, Agroforestry Systems 18: 107-148). Accordingly,
Atriplex seed, including A. amnicola, is readily available
on the worldwide market for use in restoring saline soil

habitats (B & T World Seeds 2008, List 154-Plants for

Salty Conditions, accessed May 2008, <http://www.
b-and-t-world-seeds.com/homepage.htm>).

Significance. First documented report of A. amnicola
for San Diego County, and the first populations

documented outside of the Santa Ana River watershed
in Orange County (Roberts 1998, A Checkhst of the

Vascular Plants of Orange County, California, 2nd ed.,

F.M. Roberts Publications, Encinitas, CA; Hrusa et al.

2002 loc. cit.\ Rebman and Simpson 2006, Checklist of
the Vascular Plants of San Diego County, 4th ed., San
Diego Natural History Museum, San Diego, CA;
Clarke et al. 2007 loc. cit.). Atriplex amnicola has not
been documented from western Riverside County
(Roberts et al. 2004, The Vascular Plants of Western
Riverside County, California: An Annotated Checklist,

F. M. Roberts Publications, San Luis Rey, CA).
Based on field observations in southern California,

A. amnicola occupies habitats similar to big saltbush

[Atriplex lentiformis (Torrey) S. Watson], which in-

cludes saline to moderately alkaline soils of salt marsh
transition zones, the coastal strand, and non-saline sage

scrub, stream bank and riparian communities, and
ruderal or roadside habitats. Atriplex amnicola may
have been introduced via seed mixes used to restore/

enhance coastal lagoon ecosystems before more rigor-

ous guidelines were adopted that prioritize the use of
appropriately adapted native plants over exotic species

for natural community revegetation programs (Rodgers
and Montalvo 2004, Genetically Appropriate Choices
for Plant Materials to Maintain Biological Diversity,

University of California, Davis). Atriplex amnicola,

however, is apparently still being utilized in seed mixes
designed for habitat restoration and erosion control

projects in coastal Orange County and possibly in San
Diego County. It is spreading rapidly from landscaped
slopes in urban environments to native plant commu-
nities. Owing to its availability on the commercial seed

market, ecological adaptability, and widespread success

in rehabilitating degraded lands, it is expected elsewhere

in the South Coast region. Atriplex amnicola appears to

be an invasive shrub that could displace native plants

and disrupt natural ecosystems in southern Cahfornia.

Atriplex glauca L. (Chenopodiaceae).—Los
Angeles Co., Port of Los Angeles, City of San Pedro,

Cabrillo Beach along Via Cabrillo Marina Rd. near

Shoshonean Rd., UTM (NAD 83) IIS 0380990E
3731603N, elev. 10 m, uncommon, growing with
Atriplex semihaccata on unstable bluff soils, 21 Jan
2006, Riefner 06-11 (RSA); Palos Verdes Peninsula,

vicinity of Via Alar and Palos Verdes Dr. West, UTM
(NAD 83) 1 IS 0371250E 3741020N, elev. 64 m, locally

common on brushy slopes, 10 Mar 2007, Riefner 07-121

(RSA); Palos Verdes Peninsula, Portuguese Bend,
0.5 mi S of Peppertree Dr. on Palos Verdes Dr. South,

UTM (NAD 83) 1 IS 0374057E 37341 68N, elev. 68 m,
uncommon on roadsides and in annual grassland, 21

Apr 2007, Riefner 07-181 (RSA). Orange Co., City of
Newport Beach, Upper Newport Bay, general vicinity

of Bayview Wy. and Bayview PL, UTM (NAD 83) IIS

04191 32E 3723855N, elev. 7 m, common, growing on
edge of riparian woodland and in coastal sage scrub, 4

May 2002, Riefner 02-88 (CDA, RSA); City of Newport
Beach, E of Newport Bay, E of Back Bay Dr. near Big

Canyon Creek, UTM (NAD 83) IIS 0418138E
372161 5N, elev. 5 m, common, growing on edge of salt

marsh, 4 May 2002, Riefner 02-89 (CDA, RSA); City of

Lake Forest, E side of SR-241 ca. 0.5 mi N of Alton
Pkwy., UTM (NAD 83) 1 IS 0436667E 3727953N, elev.

230 m, locally common, growing with Atriplex semi-

haccata on roadside and edge of avocado grove, 1 3 Dec
2005, Riefner 05-784 (CDA, RSA); City of Newport
Beach, W side of MacArthur Blvd. near San Joaquin
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St., UTM (NAD 83) IIS 0419715E 3719909N, elev.

75 m, locally common, growing with A triplex semihac-

cata in power line right-of-way and edge of coastal sage

scrub, 1 Feb 2006, Riefuer 06-30 (CDA, RSA); City of

Newport Beach, near Avocado Ave. and San Nicolas

Dr., W of MacArthur Blvd., UTM (NAD 83) IIS

0419405E 3719645N, elev. 77 m, locally common,
growing with A triplex semibaceata on roadside and in

annual grassland, 19 Mar 2006, Riefner 06-52 (CDA);
City of Rancho Santa Margarita, W side of SR-241
near Los Alisos Blvd., UTM (NAD 83) IIS 0441877E
37241 30N, elev. 292 m, uncommon in coastal sage

scrub, 20 Jun 2006, Riefner 06-253 (CDA, RSA); City

of Rancho Santa Margarita, vicinity of Towne Center

Dr. and Alton Pkwy., UTM (NAD 83) IIS 0437713E
3726926N, elev. 291 m, uncommon in coastal sage

scrub and on roadside, 30 Jun 2006, Riefner 06-334

(RSA); City of San Juan Capistrano, San Juan Creek at

Hwy. 74, UTM (NAD 83) IIS 0441820E 3709001N,
elev. 56 m, locally common on roadsides and sparse

sage scrub, 22 Jan 2007, Riefner 07-20 (RSA); Ladera

Ranch/San Juan Capistrano area, Antonio Pkwy. ca.

0.6 mi S of Covenant Hills Rd., UTM (NAD 83) IIS

0442042E 3710740N, elev. 170 m, uncommon, roadside

and non-native grassland, 22 Aug 2007, Riefner 07-370

(RSA). Riverside Co., City of Corona, along Magnolia
Ave. off-ramp on SW side of 1-15 Freeway, UTM
(NAD 83) lis 0450110E 3747033N, elev. 216m,
uncommon, growing with roadside ruderal plants, 12

Dec 2002, Riefner 02-521 (RSA); City of La Sierra,

Gramercy PI. near La Sierra Ave., UTM (NAD 83) 1 IS

0454476E 3754271 N, elev. 227 m, rare, growing with

Atriplex subereeta on disturbed lot, 30 Dec 2005,

Riefner 05-792 (RSA); City of Corona, vicinity of

Green River Rd. and Palisades Dr., UTM (NAD 83)

lis 0440802E 3749217N, elev. 16m, uncommon in

coastal sage scrub, 22 Aug 2006, Riefner 06-399 (RSA).
San Diego Co., City of La Jolla, E of L5 Freeway near

Town Center Dr., UTM (NAD 83) IIS 0479754E
3638753N, elev. 104 m, uncommon in coastal sage

scrub and margin of dirt road, 1 7 Aug 2003, Riefner 03-

339 (RSA, UCR); City of Carlsbad, Carlsbad Blvd.

near Tierra del Oro St., UTM (NAD 83) 1 IS 0468532E
36663 ION, elev. 18 m, locally abundant in coastal bluff

scrub, 6 Dec 2003, Riefner 03-492 (RSA, UCR); City of

Carlsbad, vicinity of Encina Power Station, Carlsbad

Blvd., ca. 0.3 mi N of Tierra del Oro St., UTM (NAD
83) lis 0468471E 3666435N, elev. 13 m, locally

abundant, coastal bluff scrub and coastal strand

vegetation, 3 Jul 2005, Riefner 05-544 (CDA, RSA,
SD, UCR); City of Carlsbad, Agua Hedionda, inlet

channel at Carlsbad Blvd., UTM (NAD 83) IIS

04680 13E 3667422N, elev. 4 m, locally common on
road bank and along fisherman trail with Atriplex

semibaceata, 19 Sep 2005, Rie/ner 05-668 (RSA, UCR);
City of Carlsbad, Carlsbad Blvd. at Shore Dr., UTM
(NAD 83) lis 0468823E 3665819N, elev. 14 m,
uncommon on disturbed lot with Atriplex semibaceata,

19 Sep 2005, Riefner 05-670 (RSA, UCR); City of

Carlsbad, South Carlsbad, Carlsbad Blvd. ca 0.2 mi N
of Island Wy. at Ponto Beach, UTM (NAD 83) IIS

0469682E 3664 127N, elev. 9 m, uncommon, disturbed

roadside and on ocean bluff, 23 Nov 2005, Riefner 05-

767 (CDA, RSA); City of Del Mar, SW ca. 0.2 mi from
intersection of Carmel Valley Rd. and Via Mar Valle

Rd., UTM (NAD 83) IIS 0475686E 3644616N, elev.

19 m, common, spreading from roadsides to native

coastal sage scrub vegetation with Encelia californica

and Rhus integrifolia, 16 Jan 2006, Riefner 06-1 (RSA,
UCR); City of Oceanside, Buena Vista Lagoon, vicinity

of Rue des Chateaux at Ocean St., UTM (NAD 83) 1 IS

0466584E 3669564N, elev. 3 m, locally established on
sand dune, 15 Oct 2007, Riefner 07-430 (RSA).

Previous knowledge. Atriplex glauca (gray saltbush or

glaucous-leaved saltbush) is native to the Mediterra-

nean Basin (Tutin et al., eds., 1980, in Flora Europaea,
Vol. 1, Cambridge University Press, New York, NY). It

has not been included in treatments of the Chenopo-
diaceae in floras covering North America or other

major publications addressing non-native plants estab-

lished in California (Taylor and Wilken 1993 loc. cit.\

Hrusa et al. 2002 loc. cit.\ Welsh 2004 loc. cit.;

DiTomaso and Healy 2007 loc. cit.; Grewell et al.

2007 loc. cit.). Atriplex glauca, however, is well

established outside of cultivation in coastal southern

California, but has not been reported previously from
western Riverside County or San Diego County
(Roberts et al. 2004 loc. cit.; Rebman and Simpson
2006 loc. cit. ). It was likely first introduced in seed mixes

used for erosion control programs (Boyd 1999, Aliso

18: 93-139; Clarke et al. 2007 loc. cit.).

Atriplex glauca seed has been available on the

commercial market in California since at least the early

1990''s, and is well known for its hardiness and tolerance

to alkaline and harsh soil conditions (City of Riverside

Planning Department 1994, Water Efficient Landscap-
ing and Irrigation Ordinance Summary and Design

Manual, Riverside, CA; USDA 1995, Commercial
Suppliers of Tree and Shrub Seed in the United States,

Miscellaneous Report M8-MR 33, Washington, DC; S

& S Seeds 2005, Seed Selection Guide, Carpinteria,

CA).

Significance. First documented reports of A. glauca

for Riverside and San Diego counties, and extensions of

range for Los Angeles County outside the Liebre

Mountains, and for Orange County outside of the

Santa Ana River watershed (Boyd 1999 loc. cit.;

Rebman and Simpson 2006 loc. cit.; Clarke et al. 2007

loc. cit.). This shrub is more common than herbarium

records indicate, and is spreading rapidly from land-

scaped areas to disturbed urban habitats and native

plant communities. Much like A. amnicola, A. glauca is

a well-known halophyte (Menzel and Lieth 2003 loc.

cit.). Additional populations of A. glauca are to be

expected throughout the South Coast region and in

many habitats, including the coastal strand, salt marsh-

upland transition zones, dune swales, coastal sage

scrub, non-native grassland, and ruderal or roadside

habitats.

Based on field observations, A. glauca occupies

habitats similar to Australian saltbush {Atriplex semi-

baceata L.), which is an aggressive invader that

displaces native plants and disrupts natural ecosystems

(Bossard et al. 2000, Invasive Plants of California's

Wildlands, UC Press, Berkeley, CA). Atriplex glauca is

more robust and apparently more broadly adapted than

A. semibaceata, and is invading undisturbed coastal

sage scrub communities where A. semibaceata does not.

Owing to its invasiveness, A. glauca should not be

planted outside of managed landscapes or for erosion

control projects that are adjacent to native plant
i

communities or natural open space areas without i

careful consideration (University of California Coop-
)

erative Extension 2000, Estimating the Irrigation Water
Needs of Landscape Plantings in California, Depart-

ment of Water Resources, Sacramento, CA).
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Atriplex muelleri Benth. (Chenopodiaceae).—
Imperial Co., E of El Centro, along Ross Rd. near Bass

Cove Rd., N of Hwy. 8, UTM (NAD 83) 1 IS 0638008E

36280 13N, elev. ca. —9 m, common along irrigation

ditch and on roadsides, 9 Oct 2006, Riefuer 06-513

(CANB, CDA, RSA); E of El Centro, Ross Rd. ca.

0.2 mi E of Dogwood St., N of Hwy. 8, UTM (NAD
83) lis 0637549E 362805 IN, elev. ca. -9 m, common
on vernal alkaline flats with Suaeda nwquiniL 9 Oct

2006, Riefuer 06-515 (CANB, CDA, RSA); E of El

Centro, Ross Rd. at Hawkeye Rd. off Hwy. Ill, UTM
(NAD 83) lis 0640473E 3628049N, elev. ca. -8 m,

common along roadside in ruderal vegetation, 9 Oct

2006, Riefuer 06-519 (RSA); near Seeley, along Drew
Rd. at Hwy. 8, UTM (NAD 83) IIS 0622670E
3627210N, elev. ca. —10 m, uncommon, roadside

depression with Malvella leprosa, 9 Oct 2006, Riefuer

06-520 (RSA).

Previous kmmledge. Atriplex muelleri (Mueller's

saltbush) is native to Australia (Wilson 1984 he. eit.\

Barker et al., eds., 2005, Census of South Australian

Vascular Plants, 5th ed., J. Adelaide Bot. Gard.

Supplement I, Botanic Gardens of Adelaide and State

Herbarium, Adelaide). It was not included in the

treatment of Atriplex for California by Taylor and
Wilken (1993 he. eit.), and Welsh (2004 he. eit.) was
unable to verify its presence in North America. Atriplex

muelleri has recently been reported, however, for

Riverside County from specimens collected in 1965

near Blythe {Roos s.u.; COLO, UC, UCR!) (Hrusa et al.

2002 he. eit.). The Blythe population has apparently

been extirpated (Hrusa et al. 2002 he. eit.).

Siguificauce. First documented reports of A. muelleri

for Imperial County. Atriplex uiuelleri is a halophyte,

and seed is available for purchase on the world market
for use in restoring degraded saline soil habitats

(Menzel and Lieth 2003 he. eit.; B & T World Seeds

2008 he. eit.). Atriplex muelleri is similar to A.

semibaecata (Welsh 2004 loe. eit.). Therefore, it may
be overlooked in the field and could be more
widespread than our records indicate. Atriplex muelleri

is expected to occur elsewhere in disturbed and ruderal

habitats, and in low-lying, vernally moist alkaline sites

in the California deserts and the inland valleys of the

South Coast region, especially the saline-alkali vernal

plains of western Riverside County.

Atriplex stipitata Benth. (Chenopodiaceae).—
Los Angeles Co., City of San Pedro, Cabrillo Beach
Park near Salinas de San Pedro, UTN (NAD 83) IIS

0380844E 3730983N, elev. 13 m, local in coastal sage

scrub exhibit garden and uncommon on nearby bluff

slope, 21 Jan 2006, Riefuer 06-11 (CANB, CDA).
Previous hiowledge. A triplex stipitata (mallee saltbush

or kidney saltbush) is native to the semi-arid regions of

Southern Australia (Wilson 1984 he. eit.\ Walsh 1996,

Chenopodiaceae, in N.G. Walsh and T.J. Entwistle,

eds.. Flora of Victoria, Vol. 3, Inkata Press, Melbourne,
Australia; Barker et al. 2005 loe. eit ). It has not been
reported previously for North America (Taylor and
Wilken 1993 loe. eit.; Welsh 2004 loe. eit.). Atriplex

stipitata was also not included in recent publications

addressing non-native species established in California

or in local floras covering the South Coast region

(Roberts 1998 loe. eit.; Hrusa et al. 2002 loe. eit.; Roberts
et al. 2004 he. eit.; Rebman and Simpson 2006 loe. eit.;

Clarke et al. 2007 loe. eit.; DiTomaso and Healy 2007
he. eit.; Riefner and Boyd 2007 loe. eit.). Atriplex

stipitata, a halophyte, is sold on the worldwide market

for rehabilitation of saline soil habitats (Menzel and
Lieth 2003 loe. eit.; B & T World Seeds 2008 loe. eit.).

Siguifieauee. First documented report of A. stipitata

for North America. Atriplex stipitata.. a 1 m tall shrub,

has narrowly elliptic to orbicular leaves and could be

confused with small forms of A. leutiformis in southern

California. Atriplex stipitata, however, is readily sepa-

rated from A. leutiformis by its reniform, cordate

bracteoles, generally 5 mm long and 10 mm wide, that

are born on a slender stipe in open panicles (Wilson

1984 loe. eit.). Atriplex stipitata is likely more wide-

spread in urban environments and coastal native plant

communities than our records indicate. It is one of a

number of non-native unidentified Atriplex species now
widely established in the South Coast region that could

be easily mistaken for A. leutiformis. These undeter-

mined Atriplex species are often vegetatively similar to

A. leutiformis, but differ by the long-stipitate, often

denticulate bracteoles that are cordate, reniform, or

orbicular in shape.

Since A. stipitata and several other unidentified taxa

may be difficult to identify in the field, seed may be

inadvertently collected and included in native seed

mixes applied during native scrub restoration projects,

thereby spreading exotics to new sites in southern

California's native plant communities. Accordingly, A.

stipitata is expected to occur elsewhere on coastal bluffs,

scrub, and lagoon habitats in the South Coast region.

Botanists, restoration ecologists, seed collectors, and
the resource agencies should be vigilant regarding the

often locally abundant and widespread distribution of

many of the non-native Atriplex in southern California.

Atriplex undulata L. (Chenopodiaceae).—San
Diego Co., City of Del Mar, San Dieguito Wetlands,

Racetrack View Dr. ca. 0.25 mi W of Racetrack View
Ct., UTM (NAD 83) IIS 04764484E 3647165N, elev.

20 m, locally common on alkaline sandy flats and in

open coastal sage scrub around the lagoon, 1 Mar 2003,

Riefuer 03-65 (CDA, RSA); same locality, 19 Apr 2003,

Riefuer 03-218 (CANB, CDA, RSA); City of Del Mar,
San Dieguito Wetlands, San Dieguito Dr. ca. 0.25 mi
from Jimmy Durante Rd., UTM (NAD 83) IIS

0475704E 3647724N, elev. 3 m, locally common on
roadside and upland transition zone along salt marsh, 6

Aug 2006, Riefuer 06-367 (CDA, RSA).
Previous hiowledge. Atriplex uudulata (wavy-leaved

saltbush) is native to Argentina (Patagonia and Buenos
Aires) (Cabrera 1963/1970, Flora de la Provincia de

Buenos Aires, Col. Cient. INTA, Buenos Aires,

Argentina; Carretero 2001, Multequina 10: 67-74). It

is widely planted for forage and is adventive in Western

Australia (Hussey and Lloyd 2002, Western Weeds,
Additions, Deletions and Name Changes, Department
of Conservation and Land Management, Western
Australia; Barrett-Lennard 2003 loe. eit.). In North
America, A. uudulata has not been included in

treatments of the Chenopodiaceae in major floras that

include non-native exotic plants established in Califor-

nia or in local floras covering the South Coast region

(Taylor and Wilken 1993 he. eit.; Roberts 1998 loe. eit.;

Hrusa et al. 2002 loe. eit.; Roberts et al. 2004 he. eit.;

Welsh 2004 loe. eit.; Rebman and Simpson 2006 loe.

eit.; Clarke et al. 2007 loe. eit.; DiTomaso and Healy

2003, 2007 loe. eit.; Grewell et al. 2007 he. eit.; Riefner

and Boyd 2007 loe. eit.).

Atriplex uudulata, a halophyte, is another species of a

suite of saltbushes frequently utilized for rehabilitation

of saltland pasture and harvested for commercial seed
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production in Western Australia (Barrett-Lennard

2003, loc. cit.\ Menzel and Lieth 2003 loc. cit.\ Tranen
Revegetation Systems 2005 loc. cit.). Its seed is also

available on the world market, specified for use in

rehabilitating saline soils (B & T World Seeds 2008 loc.

cit.). Atriplex imdulata, much like A. aninicola and A.

stipitata, may have been imported for coastal lagoon

enhancement projects before the consequences of

introducing exotic species into salt marsh and transi-

tional upland habitats were fully understood (Callaway

and Zedler 2004, Urban Ecosystems 7: 107-124;

Rodgers and Montalvo 2004 loc. cit.).

Significance. First documented reports of A. undidata

for North America. Its unique wavy-margined leaves

and small bracteoles make for easy identification. Owing
to its availability on the commercial seed market, and
use in rehabilitating degraded saline lands, it is likely

that A. undidata will continue to be applied in erosion

control and habitat enhancement projects in southern

California. Atriplex undidata is expected to occur

elsewhere in coastal scrub, salt marsh transition zones,

and other lagoon habitats in southern California.

The potential to utilize saline water for irrigation

while incorporating halophytes for developing sustain-

able agricultural production, animal fodder, and
rehabilitation of degraded lands are promising, attain-

able goals for the Mediterranean Region and subtrop-

ical dry regions where freshwater resources are limited

and conventional agricultural products are unsuited for

strongly saline soils (Koyro 2003, in Leith and
Mochtchenko, eds.. Cash Crop Halophytes: Recent
Studies, Kluwer Academic Publishers, Dordrecht).

Atriplex, which is comprised of nearly 150 species

identified as halophytes, will likely become an impor-

tant component of the crops utilized during these efforts

(Osmond et al. 1980, Physiological Processes in Plant

Ecology: Towards a Synthesis with Atriplex, Springer-

Verlag, BerHn; Asad 2002 loc. cit. - Debez et al. 2003, in

Leith and Mochtchenko, eds.. Cash Crop Halophytes:

Recent Studies, Kluwer Academic Publishers, Dor-
drecht; Menzel and Lieth 2003 loc. cit.). The dilemma
now presented is how to balance the growing demand to

cultivate non-native crops that provide economically

beneficial uses in one region while restricting imports to

minimize the risk of introducing potentially noxious

weeds or invasive pests into native ecosystems elsewhere

(Barney and DiTomaso 2008, Bioscience 58: 64-70).

Therefore, we should expect to find other non-native

Atriplex species established in southern California's

alkaline coastal ecosystems.

—Richard E. Riefner, Jr., Research Associate,

Rancho Santa Ana Botanic Garden, 1500 North
College Avenue, Claremont, CA 91711. rriefner@

earthlink.net; G. Frederic Hrusa, California Depart-

ment of Food and Agriculture, Botany Laboratory and
Herbarium, Plant Pest Diagnostics Center, 3294 Mead-
owview Road, Sacramento, CA 95832-1448; and David
Mallinson and Brendan Lepschi, Australian Na-
tional Herbarium, Centre for Plant Biodiversity Re-
search, GPO Box 1600, Canberra, Australia, 2601.

California

Eleusine coracana (L.) Gaertn. subsp. Africana
(Kenn.-O'Byrne) Hilu & De Wet (PoACEAE).—Los

Angeles Co., Signal Hill, W of 405 Fwy., Temple Ave.
at 29th St., UTM (NAD 83) IIS 0392713E 3741666N,
elev. 24 m, rare, in pavement cracks and moist soil in

roadside gutter, 23 Nov 2003, Riefner 03-472 (RSA);
same locality and date, Riefner 03-474 (RSA); City of
Pasadena, Arroyo Seco Creek, vicinity of Lower
Arroyo Park, UTM (NAD 83) IIS 03925 15E
3778822N, elev. 119 m, uncommon but widely scattered

along creek in wet sand and in Salix-Baccharis riparian

scrub, 22 Aug 2004, Riefner 04-380 (RSA); City of

South El Monte, San Gabriel River at Thienes Ave.,

UTM (NAD 83) IIS 0405107E 3766943N, elev. 74 m,
uncommon, wet sand on river bank with Hydrocotyle,

Ludwigia, and Scirpus, and on disturbed clay soils along

bike trail, 28 Aug 2004, Riefner 04-404 (RSA); near

Griffith Park, E bank of Los Angeles River near River

Ride Stables, ca. 0.5 mi S of Colorado St., UTM (NAD
83) lis 0382604E 377733 IN, elev. 120m, widely

scattered, moist sandy soil in open riparian scrub, 2

Oct 2006, Riefner 06-464 (RSA); San Dimas, Pudding-
stone Reservoir, Bonelli Region County Park at East

Shore Dr., UTM (NAD 83) IIS 0426247E 3771609N,
elev. 290 m, uncommon on receding lake shoreline, 3

Aug 2007, Riefner 07-341 (RSA); City of Malibu, along

Malibu Rd. ca. 0.5 mi W of Pacific Coast Hwy., UTM
(NAD 83) lis 0340836E 3767080N, elev. 10 m, local,

wet roadside depression, 10 Nov 2007, Riefner 07-498

(RSA). Orange Co., City of San Clemente, San
Clemente State Beach, SW corner of park at camp-
ground number 156, UTM (NAD 83) US 0444133E
3696 183N, elev. 37 m, uncommon, disturbed ground in

runoff from campground showers, 14 Oct 2003, Riefner

03-457 (RSA); City of Anaheim, Santa Ana River

bottom, E of 57 Fwy. between Orangewood St. and
Chapman Ave., UTM (NAD 83) IIS 041 83HE
3739098N, elev. 41 m, locally abundant, disturbed

wetlands, margin of active channels, and on sandbars

in riparian scrub, 8 Aug 2004, Riefner 04-372 (RSA);
City of Irvine, San Diego Creek at Woodbridge High
School, S of intersection of Barranca Rd. and West
Yale Loop Rd., UTM (NAD 83) IIS 0425279E
3727007N, elev. 27 m, common, native plant-dominat-

ed wetlands and sandy wash habitats, 27 Aug 2004,

Riefner 04-386 (RSA); City of Irvine, San Diego Creek

at 405 Fwy., UTM (NAD 83) 1 IS 0429935E 3724259N,
elev. 50 m, uncommon, sandy wash and sandbars in

riparian scrub, 27 Aug 2004, Riefner 04-391 (RSA); City

of Fountain Valley, along Newland Ave. at Edinger St., ,

UTM (NAD 83) 1 IS E 409083E 3732691N, elev. 14 m,
rare, weed in moist soil along sidewalk, 28 Aug 2004,

;

Riefner 04-407 (RSA); City of Los Alamitos, Oak
;

Middle School, vicinity of Oak St. at Catalina St., :

UTM (NAD 83) I IS 0400172E 3741242N, elev. 14 m, :

common, moist depressions in ball field turf grass, 3 Sep

2004, Riefner 04-423 (RSA); City of Los Alamitos, W of

Oak Middle School along San Gabriel River, UTM
(NAD 83) lis 0400172E 3741242N, elev. 10 m, rare,

bank of drainage ditch with Leptocliloa, 3 Sep 2004,
,

Riefner 04-424 (RSA); City of Huntington Beach,
|

Golden West College, along Golden West St. near Blue i

Bonnet Ave., UTM (NAD 83) IIS 0406757E ^

3733198N, elev. 14 m, locally common, moist soil in

roadside gutter, 12 Sep 2004, Riefner 04-426 (RSA);

City of Irvine, Irvine Valley College, along Jeffrey Rd.
,

near Irvine Center Dr., UTM (NAD 83) 1 IS 0427758E
!

3726570N, elev. 49 m, uncommon, wet ditch along

parking lot and adjacent strawberry field, 12 Dec 2004,

Riefner 04-552 (RSA); City of San Clemente, along El
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Camino Real ca. 0.15 mi S of intersection with Los

Molinos Rd., UTM (NAD 83) IIS 0441920E
3699403N, elev. 35m, common, moist soil on irrigated

slope with ornamental shrubs, 20 Sep 2005, Riefner 05-

671 (RSA); City of Yorba Linda, near Horseshoe Bend

along the Santa Ana River, UTM (NAD 83) IIS

0431309E 3749053N, elev. 102 m, widespread but

uncommon, banks of urban runoff ditch and wet sand

along active channel of Santa Ana River, 5 Oct 2005,

Riefner 05-718 (RSA); City of Irvine, San Diego Creek

between Alton Pwky. and 405 Fwy., UTM (NAD 83)

lis 0429336E 3724184N, elev. 51 m, uncommon and

scattered on moist sandy banks and wet sand along

creek channel, 8 Oct 2006, Riefner 06-474 (RSA); City

of Los Alamitos, Arroyo Park, Heather St. at Lamson
Ave., UTM (NAD 83) IIS 0402697E 3738566N, elev.

10 m, common and widespread, wet ditches and moist

depressions in turf grass, 17 Oct 2005, Riefner 05-724

(RSA); City of Huntington Beach, along Slater Ave.

near Goldenwest St., UTM (NAD 83) IIS 0406860E
3730121N, elev. 11 m, uncommon, moist soil in

Eucalyptus woodland and edge of drainage ditch, 4

Oct 2006, Riefner 06-477 (RSA); City of Irvine, Shady
Canyon Rd. at Quail Hill, UTM (NAD 83) IIS

0427699E 3724253N, locally common in drainage ditch

and irrigated landscapes, elev. 35 m, 15 Nov 2006,

Riefner 06-677 (RSA). Riverside Co., near Jurupa,

intersection of Hellman Ave. at Pine Ave., UTM IIS

0443544E 3757824N (NAD 83), elev. 195 m, locally

abundant in roadside drainage ditch, 20 Dec 2003,

Riefner 03-548 (RSA); City of Norco, Sixth St. at Sierra

Ave., UTM (NAD 83) IIS 0448759E 3755512N, elev.

200 m, locally abundant, weed in moist clay soil along

urban equestrian trial, 30 Jul 2004, Riefner 04-282

(RSA). San Bernardino Co., City of Fontana, Merrill

St. at Olive St., UTM (NAD 83) IIS 0459593E
3772444N, elev. 381 m, uncommon in drainage ditch

with Cyperus in vacant dirt lot, 5 Oct 2005, Riefner 05-

721 (RSA). San Diego Co., City of Carlsbad, near

Laguna Riviera City Park, Kelly Dr. at Park Dr., UTM
(NAD 83) lis 0471025E 3667607N, elev. ca. 13m,
uncommon, drainage ditch and open riparian scrub, 14

Oct 2006, Riefner 06-542 (RSA); City of San Diego, San
Diego River Trail, Robb Field at San Diego River,

UTM (NAD 83) IIS 0477053E 3624151N, elev. 3 m,
locally abundant in moist sandy soil, 13 Sep 2007,

Riefner 07-385 (RSA). Ventura Co., City of Santa

Paula, near intersection of Hallock Dr. and Lemon-
wood Dr., UTM (NAD 83) IIS 0312334E 3803599N,
elev. 85 m, rare, growing with Cyperus, Leptochloa, and
Baccharis in urban runoff ditch draining into the Santa

Clara River wash, 27 Jun 2004, Riefner 04-215 (RSA);
same location, 24 Sep 2004, Riefner 04-439 (RSA); City

of Fillmore, Santa Clara River bottom, ca. 0.5 mi W of

SR-123, UTM (NAD 83) IIS 0323579E 3807088N,
elev. 133 m, scattered in wet sand along low-flow river

channel, 5 Jul 2007, Riefner 07-295 (RSA).

Previous knowledge. Eleusine species are predomi-
nately African, but E. coracana (L.) Gaertn. subsp.

africana (Kenn.-O'Byme) Hilu & De Wet and E. indica

(L.) Gaertn. are widely distributed weeds that are easily

misidentified (Phillips 1972, Kew Bull. 27: 251-270;

Hilu 2003, in Flora of North America Editorial

Committee, eds.. Flora of North America, Vol. 25,

Magnoliophyta: Commelinidae (in part): Poaceae, Part

2, Oxford University Press, New York, NY). Eleusine

indica (goosegrass or wiregrass) is a highly successful

cosmopolitan annual that is often a troublesome weed

in many warm temperate and tropical countries (Holm
et al. 1977, The World's Worst Weeds: Distribution and
Biology, University Press of Hawaii, Honolulu, HI). It

grows in disturbed areas and lawns throughout the

California Floristic Province and most of the contigu-

ous United States (Smith 1993, in Hickman, ed.. The
Jepson Manual: Higher Plants of California, University

of California Press, Berkeley, CA; Hilu 2003 loc. cit. ).

Eleusine coracana subsp. africana (African finger millet,

wild finger millet), an annual, is native to East Africa,

but is also known from India where it was likely

introduced with imported seeds of the cultivated finger

millet {E. coracana [L.] Gaertn. subsp. coracana). In the

Western Hemisphere, E. coracana subsp. africana has

been accidentally introduced to Coahuila {Columbus

2842\ RSA) and Sonora {Columbus 2721, 3627; RSA),
Mexico, and to Calhoun County, South Carolina, in the

eastern United States (Neves et al. 2005, Molecular
Phylogenetics and Evol. 35: 395-419).

Eleusine coracana subsp. africana is also weedy in its

native East Africa, where it frequently occupies

disturbed ground of roadsides, villages, and cultivated

lands (Phillips 1972 loc. cit.; Van Wyk and Van
Oudtshoorn 1999, Guide to Grasses of Southern Africa,

Briza Publications, Arcadia, South Africa). It is thought

to be the wild progenitor of the cultivated E. coracana

subsp. coracana (finger millet or ragi) that was
domesticated in East Africa over 5,000 yr ago and is

now grown as a cereal crop in many parts of Africa,

Asia, the Arabian Peninsula, China, India, and
elsewhere (PhiUips 1972 loc. cit.; De Wet et al. 1984,

Am. J. Botany 71: 550-557; Brisht and Mukai 2002,

Plant Syst. Evol. 233: 243-258; Hilu 2003 loc. cit.;

Neves et al. 2005 loc. cit.). In North America, E.

coracana subsp. coracana is often cultivated at agricul-

tural experiment stations and occasionally escapes (Hilu

2003 loc. cit.). In the United States, it has been

successfully grown as far north as Davis, California,

but with difficulty owing to problems of photoperiod

sensitivity (National Research Council 1996, Lost

Crops of Africa, Vol. I, Grains, Board on Science and
Technology for International Development, National

Academy Press, Washington, DC). Smith (1993 loc. cit.)

and Hilu (2003 loc. cit.), however, did not provide

specific locaHties for adventive populations.

In general, there has been little disagreement regard-

ing the taxonomy of most Eleusine species and
distinctive morphological features easily distinguish

most taxa. However, the taxonomic status of E.

coracana s.str., E. africana Kenn.-O'Byrne s.str., and
E. indica has often been disputed (Phillips 1972 loc. cit.;

Neves et al. 2005 loc. cit.). Eleusine coracana subsp.

coracana, a robust annual, is readily distinguished from
other taxa in the genus by its large, almost globose seeds

and upright habit, which explains the preference of some
authors to treat it as a distinct species (Hilu 2003 loc. cit.

,

Neves et al. 2005 loc. cit.). However, the large grain size

and upright habit are likely the result of agricultural

selection produced during domestication. The few genes

that control these agriculturally desirable traits and the

remaining genome are indistinguishable from its wild

progenitor and genetically similar E. coracana subsp.

africana (Neves et al. 2005 loc. cit.; Dida et al. 2006,

Genetic Diversity in Finger Millet [E. coracana] and
Related Wild Species, poster presented at the Plant &
Animal Genomes XIV Conference, January 14-18,

2006, Town & Country Convention Center, San Diego,

CA). Therefore, the rank of subspecies more adequately
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reflects the ancestral relationship and genetic similarities

of the E. coracana taxa (Hilu and De Wet 1976, Econ.

Bot. 30: 199-208; Neves et al. 2005 he. cit.).

Morphologically, E. coracana subsp. africana is most
similar to E. indica and the two have often been

confused, making clear-cut identifications problematic

(Phillips 1972 loc. cit.\ Brisht and Mukai 2002 loc. cit.-

Neves et al. 2005 loc. cit.). However, ongoing taxo-

nomic study and recent molecular analysis have
provided important insights regarding the separation

of the two taxa. The grains of Eleusine species are

ornamented and have a unique surface pattern and
shape that are useful for identifying and separating E.

coracana subsp. africana from E. indica; i.e., oblong
seeds with the grain surface shallowly ridged and
uniformly granular in E. coracana subsp. africana and
elliptic to ovoid seeds with the grain surface obliquely

striate in E. indica (Phillips 1972 he. cit.; Hilu 2003 he.

cit.). Ehusine coracana subsp. africana is also a

considerably more robust plant and has lower glumes
that are 2- or 3-veined, whereas E. indica is much more
slender and has lower glumes that are 1 -veined (Phillips

1972 he. cit.; Hilu 2003 he. cit.). Dida et al. (2006 he.

cit. ), however, note that the length of the upper glume
and broader leaf width of E. coracana subsp. africana

are also reliable morphological characters that can be

used to separate it from E. indica. In addition to

morphological distinctions, molecular analysis has

established that E. indica, a diploid, is genetically

isolated from the tetraploid E. coracana subsp. africana,

and attempts to produce artificial hybrids between them
have resulted in sterile plants (Chennaveeraiah and
Hiremath 1974, Euphytica 23: 489-495; Hiremath and
Salimath 1992, Theor. Appl. Genet. 84: 747-754).

Accordingly, molecular analysis has discounted hybrid-

ization as an explanation for the difficulties in

separating the two taxa (Neves et al. 2005 he. cit.).

Significance. First records of E. coracana subsp.

africana reported for California. Eleusine coracana

subsp. africana has not been included in recent

treatments of the Poaceae dealing with exotic plants

recently established in California or in local floras

covering Orange, Los Angeles, Riverside, San Diego or

Ventura counties (Smith 1993 loc. cit.; Roberts 1998, A
Checklist of the Vascular Plants of Orange County,
California, 2nd ed., P.M. Roberts Publications, En-
cinitas, CA; Hrusa et al. 2002, Madrofio 46: 61-98; Hilu

2003 loc. cit.; Roberts et al. 2004, The Vascular Plants

of Western Riverside County, California: An Annotat-
ed Checklist, F. M. Roberts Publications, San Luis Rey,

CA; Rebman and Simpson 2006, Checklist of the

Vascular Plants of San Diego County, 4th ed., San
Diego Natural History Museum, San Diego, CA;
Clarke et al. 2007, Flora of the Santa Ana River and
Environs, Heyday Books, Berkeley, CA; DiTomaso
and Healy 2007, Weeds of California and Other
Western States, U.C. Agriculture and Natural Resourc-

es Publication 3488, Oakland, CA; Riefner and Boyd
2007, J. Bot. Res. Inst. Texas 1: 709-730).

In southern California, E. coracana subsp. africana is

most common in disturbed, moist-soil urban habitats,

including irrigated residential and commercial orna-

mental landscapes, nuisance runoff and sediment debris

flows in street gutters, in culvert outflow basins and
drainage ditches, along roadsides and sidewalks, and in

turf grass. However, unlike E. indica, which is largely

restricted to urban environments, E. coracana subsp.

africana has become established in native wetland and

riparian habitats and is dispersing rapidly via the

numerous urbanized drainage systems located at the

wildland-urban interface (WUI) in coastal southern
California. New water sources generated by over
irrigation of lawns and landscaping, discharge of
municipal water treatment plant effluent into natural

drainages, increased dry-season stream flows associated

with decreased precipitation infiltration and increased

hard-surface runoff following storm events, and chang-
es in historic hydrologic regimes have facilitated the

establishment of exotic plants and have significantly

modified WUI riparian and wetland communities
in coastal southern California (Burkhart 2006, Fre-

montia 34: 14-19; White and Greer 2006, Landscape
and Urban Planning 74: 125-138; Riefner and Boyd
2007 loc. cit.).

Historically, summer drought and the seasonal

nature of stream course flows in the South Coast
region have acted as a barrier to colonization by many
moisture-dependent exotic plants in the WUI (Brigham
2007, in Knapp, ed.. Flora and Ecology of the Santa
Monica Mountains, Southern California Botanists

Special Publication No. 4, Fullerton, CA). Accordingly,

increased moisture availability in an otherwise summer-
dry Mediterranean climate has thereby promoted the

establishment and spread of E. coracana subsp. africana

and several other warm-season moisture-dependant

exotic grasses in southern California, including Dinebra
retro/lexa (Vahl.) Panz var. retroflexa, Elvliarta ereeta

Lam., Paniewn eoloratimi L., and Setaria adhaerans

(Forssk.) Chiov. (Riefner et al. Madroiio 50: 312-313;

Clarke et al. 2007 he. cit.; Riefner and Boyd 2007 he.

cit.). Although E. coracana subsp. afriecma is relatively

widespread and can often be locally abundant, these

new records suggest that detailed taxonomic and
floristic studies are needed to identify and thoroughly

document the establishment and dispersal of exotic

plants in southern California (Riefner and Boyd 2007
he. cit.). Additional occurrences of E. coracana subsp.

africana should be sought in urban settings and native

plant communities associated with summer-wet habitats

of sandy stream benches, in open riparian scrub, and
the edge of perennial wetlands at the WUI throughout

southern and central California.

—Richard E. Riefner, Jr., Research Associate,

Rancho Santa Ana Botanic Garden, 1500 N. College

Avenue, Claremont, CA 91711. rriefner(a^earthlink.net;

J. Travis Columbus, Claremont Graduate University,

Rancho Santa Ana Botanic Garden, 1500 N. College

Avenue, Claremont, CA 91711; and Steve Boyd,
Herbarium, Rancho Santa Ana Botanic Garden, 1500

N. College Avenue, Claremont, CA 91711.

California

Senecio linearieolius a. Richard var. linearieo-

Lius (ASTERACEAE).—Orange Co., City of Irvine,

University of California campus, just north of Bonita

Canyon Dr. (i.e., directly west of T-intersection of

Shady Canyon Cr. and Bonita Canyon Dr. [=Culver

Dr.]), low-lying seasonal wetland along a mapped
intermittent ''blueline" stream, USGS Tustin topo-

graphic map, ca. 33°38'N, 117°49'W, ca. 70 m elev.;

abundant in a soHtary patch about 5-10 m across: Scott

D. White 6783, 26 Jun 1998 (BRIT, RSA, UCR). At
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least four other collections from the same or nearly the

same location: Scott D. White 9613, 1 Jul 2003 (RSA);

R. Noll s.ft, 20 Aug 2003 (UCR); Mark A. Elvin 301

L

24 Aug 2003 (UCR, CAS [not yet accessioned]); R. Noll

s.n., 15 Sep 2003 (RSA, UCR).
Orange Co., City of Laguna Niguel, roadside and

steep slope along Pacific Island Drive, USGS Dana
Point topographic map. Township 8S, Range 8W,
Section 9; ca. 33"29.8'N, 117^43. 3'W, ca. 60-120 m
elev. Locally common in roadside seeps, both sides of

the road. Scott D. White and Michael Honer 10401, 17

May 2004 (RSA) and Scott D. White 10606, 1 July 2004

(CDA, RSA, UCR).
San Diego Co., Chula Vista, canyon east of Highway

805 on East H Street, between Terra Nova Rd. and
Rancho del Rey Parkway; ca. 32°39'39"N, 117°2'13"W;

riparian, rocky, sandy loam soil, with Baccharis

salicifolia, Salix lasiolepis, S. gooddingii and scrub, with

Artemisia californica, Encelia ccdifornica; Brant Prim-

rose 31, 16 Oct 2002 (BRIT, SD). Same location. Brant

Primrose 32, 15 Jan 2003 (SD) and Jon P. Rehman and
Brant Primrose 8298, 20 Jan 2003 (SD, UMO).

San Diego Co., Mission Valley, ca. 32'48'21"N,

117''6'2"W; near sea level; riparian drainage, with Scdix

laseolepis, S. goodingii, Baccharis salicifolia, B. saro-

throides, Lonicera subspicata, Quercus agrifolia, Populus

fremontii, Foeniculum viilgare. Pieris echioides, and
Phoenix canariensis; Brant Primrose 33, 12 Aug 2004

(SD).

Identifying these specimens was a years-long inter-

national project. Duplicates of the first California

specimens (White 6783 and Primrose 31, above) were

sent to Theodore Barkley at BRIT (Fort Worth, Texas)

for determination. Barkley did not recognize them and
was confident they were new for North America. He
suggested that they may represent an undescribed

taxon, though he evidently had no opportunity to

compare them with Senecios of other continents before

becoming ill. Primrose began work on a description of

the material and some specimens (above) may be

labeled "5". serenae ined." After Barkley's death in

2004 Guy Nesom (also of BRIT) compared the

specimens with Australian material at MO and
identified them as S. linearifoliiis. That was the first

correct determination, but it came too late for full

inclusion in the Flora of North America Senecio

treatment. Instead, the Editorial Committee added S.

linearifolius as a note in the introduction (T. Barkley

2006, vol. 20 pp. 544-570, Flora of North America,
Oxford Univ. Press). Leroy Gross (RSA) made the

same determination soon after. There are several

varieties of S. linearifolius including 5*. linearifolius

var. dangarensis, an endangered narrow-endemic of

basaltic soils on Mt. Dangar in New South Wales (I.

Thompson 2004, Muelleria 20:67-1 10). The determina-

tion of S. linearifolius var. linearifolius was made by
Randy Bayer at CANB (Canberra, Australia) in May
2006 from Rehmcm and Primrose 8298 (above, anno-
tated specimen at UMO).

Previous knowledge. Senecio linearifolius is native to

southeastern mainland Australia and Tasmania "within
a few hundred km of coastlines in medium to high
rainfall areas of woodlands and forests" (Thompson op
cit.). Thompson noted further that "it can be a

dominant component of understory vegetation espe-

cially on disturbed sites such as road verges" and that it

ranges from "sea level to alpine altitudes." The variety,

S. linearifolius var. linearifolius is widespread through-

out much of the species' range. Its common name is

"groundsel fireweed."

Senecio linearifolius var. linearifolius is a shrub, ca.

0.6-1.8 m tall, with linear to oblanceolate leaves. There
are about 10-50 heads in compact corymbose arrays.

The involucres are about 3 mm wide. The ray corollas

are about 2-3 mm long; the ray and disc flowers are

yellow. The young stems are weakly woody, straight,

wand-like, and vertical. It spreads laterally as older

stems lay onto the ground and sprout new vertical

shoots. The lateral stems may grow to at least 2-3 cm
diam., and may not be evident beneath the foliage and
closely spaced erect stems or if buried by sediments.

Superficially, S. linearifolius var. linearifolius may
resemble the native Euthamia occidentalis. Photographs
of pressed specimens in Thompson (2004, op cit.) may
be useful for identification.

Significance. First records for North America.

Similar plants were seen by Fred Roberts (pers. comm.)
in 1985 along Oso Creek in San Juan Capistrano, near

the Laguna Niguel site (above), but were never

identified. This observation suggests that Senecio

linearifolius var. linearifolius may have been established

in that area without being documented for nearly 20 yr.

There also is an unvouchered report from the Sweet-

water River in San Diego County (M. Dodero, pers.

comm.). In southern California, S. linearifolius var.

linearifolius grows in wetland margins at roadsides,

seeps, alkaline flats, and stream channels. Its affinity for

disturbed sites, mesic habitats, and its wide elevational

range in Australia (Thompson op cit.) suggest that it

could become invasive throughout cismontane southern

California in riparian or seasonal wetlands, as Arundo
donax and Tamarix ramosissima have. Its occur-

rence in mesic Australian forests and woodlands
(Thompson op cit.) implies that it could also invade

disturbed upland sites in coastal central California

and northward. It already is naturalized in New
Zealand (Thompson op cit.) The California occurrences

probably escaped from local cultivation. Senecio

linearifolius is grown as an ornamental in mainland
AustraHa and Tasmania (davesgarden.com, site ac-

cessed 22 Oct 2007) and seed is available by mail order

from a French dealer (b-and-t-world-seeds.com, site

accessed 21 Oct 2007). It probably is being grown
locally in specialty nurseries or traded among garden

hobbyists.

We are grateful for Ted Barkley's interest and efforts

with this plant. Many thanks to curators, staff and
associates of BRIT, CANB, CAS, CDA, RSA, UMO,
and UCR, including Randy Bayer, Steve Boyd, Judy
Gibson, Leroy Gross, Fred Hrusa, Robin Kennedy,
Guy Nesom, Jon Rebman, Andy Sanders, Debra
Trock, and Leszek Vincent for their efforts in

identifying and piecing together the identifications,

history, and whereabouts of the specimens cited here.

—Scott D. White, Scott White Biological Consult-

ing, 201 N. First Ave., No. 201, Upland, CA 91786.

scottbioservices@verizon.net; and Brant Primrose,
Jones and Stokes, 9775 Businesspark Ave., San Diego,

CA. 92131 bprimrose@jsanet.com or bryophytes_2000@
yahoo.com.
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PRESIDENT'S REPORT FOR VOLUME 55

Dear CBS member,

As I write this letter, the world is going through a great

deal of economic turmoil. At such times, it is comforting to

dwell on those values and organizations that have shown
their ability to abide over time. The California Botanical

Society (CBS), founded in 1914, has pursued its mission of

promoting Western American botany and natural history

through two world wars and many economic upheavals,

including the Great Depression. Of course, it can't always

have been easy for a volunteer run society to push forward

against the inevitable obstacles. Nevertheless, due to the

unflagging commitment of its members and dedicated

volunteers, CBS continues to thrive.

This past year, we have been especially privileged to

have an excellent and dedicated board. I thank previous

editors John Callaway and John Hunter for serving as

interim editors for the issues 2 and 3. I also thank CBS
board members Andrew Doran, Heather Driscoll, Staci

Markos, Abigail Moore, Jim Shevock, Sue Bainbridge,

and Mike Vasey for their efforts beyond the call of duty

I welcome the new co-editors of Madrono Professor

Richard Whitkus of Sonoma State University and

Professor Tim Lowrey of University of New Mexico. They
will bring to the editorship a long history of collaboration

with each other, and a detail-oriented approach. In an age

when academics face increasing professional demands on
their time, we honor their commitment to publishing high

quality studies of Western American botany in Madrono.

Recently, CBS held its annual banquet in collaboration

with the California Native Plant Society (CNPS) during

the CNPS Conservation Conference in Sacramento,

California. This conference had an exciting program that

brought together academic, professional, and amateur

botanists, as well as naturalists and gardeners. Many
members of CBS are also members of CNPS, and both

organizations are committed to increasing knowledge of

California plant life. The CBS 2010 banquet is planned to

take place at San Jose State University in conjunction with

the biannual graduate student meeting in February, 2010.

This is less than a year away, so if you are a graduate

student, or if you advise graduate students, consider

planning to participate in this event.

Dean G. Kelch

December 2008
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EDITORS' REPORT FOR VOLUME 55

We are please to report the publication of this volume of

Madrono by the California Botanical Society (CBS) in

2008. This has been an "interesting" year for the journal

with editorial duties dispersed among past editors and

Board members. However, the spirit of cooperation and

dedication to a quality publication has been reaHzed with

the current volume.

Of the manuscripts reviewed this year, 44 were

published in the current volume. The interval between

submission to publication has remained approximately

one year, although dispersed editorial duties did extend

this period for several manuscripts. This volume also

has 12 noteworthy collections and 3 book reviews. The
journal maintains a solid tradition of publishing articles

on the natural history of botanical organisms of western

America, Central America and South America (includ-

ing 1 new genus, 3 new species, and range revision for

26 species) while also providing ample opportunity for

current and emerging issues such as outcomes of climate

change and invasive species biology. We look forward

to continuing this forum for members of the CBS and
others in the coming year.

Numerous reviewers have provided their service to the

Society and to aid authors in seeing manuscripts reach

successful publication. The Society and authors have also

benefited from an editorial board, Jon Keeley (Book
Reviews Editor), Dieter Wilken (Noteworthy Collections

Editor), Margariet Wetherwax (Noteworthy Collections

Editor), and Steve Timbrook (Compiler for Annual Index).

Additionally, John Hunter and John Callaway oversaw

main editorial duties for this volume, with additional input

from Andrew Doran, Heather Driscoll, Dean Kelch, Kim
Kersh, Staci Markos, James Shevock, Michael Vasey,

Annielaurie Seifert and her colleagues at Allen Press, and
the Executive Council of the California Botanical Society.

All of these individuals deserve our thanks for their

contribution to Madrono.

Finally, as the new co-editors. Dr. Tim Lowrey ("corre-

sponding" editor) and Dr. Richard Whitkus ("copy" editor)

have contributed to seeing this volume come to fruition and

they look forward to serving the Society and Madrono.

All who have contributed to this volume

December 2008
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Laurence Door
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INDEX TO VOLUME 55

Classified entries: major subjects, key words, and results; botanical names (new names are in boldface); geographical

areas; reviews, commentaries. Incidental references to taxa (including most lists and tables) are not indexed separately.

Species appearing in Noteworthy Collections are indexed under name, family, and state or country. Authors and titles

are listed alphabetically by author in the Table of Contents to the volume.

Abies concolor (see Conifer seedling survival)

Agavaceae (see Yucca)

Alpine flora of White Mts, CA, 202.

Apocynaceae (see Asclepias)

Arceuthobium distribution in Durango, Mexico, 161.

Arctostaphylos: A. patula (see Conifer seedling survival)

New taxon: A. ohioneana, 238.

Arctotis, notes on two southern African spp. growing in

CA, 244.

ARGENTINA (see Muhlenbergia)

Arizona: Lilaeopsis scluijfuerkma var. recurva, livestock

trampling effects on, 81; vascular flora of lower San
Francisco volcanic field, Coconino Co., 1.

Noteworthy collection: Dactyloctenium radu/ans, 88.

Arumlo dona.w role of floods and bulldozers in break-up

and dispersal, 216.

Asclepiadaceae (see Apocynaceae)

Asclepias schaffneri, resurrection of, 69.

Asteraceae: Arctotis, notes on two southern African spp.

growing in CA, 244; Eriophyllimi kmatum, hybrid zone

in OR, 269.

Noteworthy collection: Senecio linearifolius var. linear-

ifolius, from CA, 312.

Atriplex amnicola, A. glauca, A. muelleri, A. stipitata, A.

undulata, noteworthy collections from CA, 306.

Bestia longipes, identification, distribution and family

placement, 291.

Boraginaceae (see Cryptantha)

Brassicaceae (see Lilaeopsis)

C4 photosynthesis without Krantz anatomy, 143.

California: Alpine flora of White Mts, CA, 202; Arctotis,

notes on two southern African spp. growing in CA,
244; Arimdo donax, role of floods and bulldozers in

break-up and dispersal, 216; Bestia lougipes, identifi-

cation, distribution and family placement, 291; conifer

seedling survival under closed-canopy and manzanita
patches in the Sierra Nevada, CA, 191; Clarkia

calientensis and C. tembloriensis, taxonomic reassess-

ment, 297; Cryptantha crinita, habitat and distribution,

76; Cumathamnion sympodophyllum, notes on early

collections and distribution, 248; Dissantheliwn ccdifor-

niciinu rediscovery and status on Santa Catalina Id.,

CA, 60; Eleocharis macrostachya and Orciittia tenuis,

spatial and temporal investigation, 257; Euphorbia
terracina morphological traits and invasive potential

in coastal southern CA, 52; invasive plants not in

Jepson, 93; late Holocene wetland vegegation and
climate, Shasta Co., 15; Oenothera wolfii and O.

glazioviana hybridization, 132; Salsoki tragus complex,

113; subalpine fellfield community ecology and eco-

physiology, Mt. Pinos, CA, 41; vegetation change in

central Sierra Nevada, CA, 223; vegetation mapping
and ecotone analysis, southern Coast Range, 26; Yucca
brevifolia, glucose-6-phospate isomerase variation and
genetic structure, 285.

New taxa: Arctostaphylos ohioneana, 238; Clarkia

tembloriensis subsp. longistyla, C, tembloriensis

subsp. tembloriensis, 301; Eriastrum harwoodii and
E. signatum, 82; Rosa gymnocarpa var. serpentine and
R. pisocarpa subsp. ahartii, new taxa from CA & OR,
170; Salsola ryanii, 126.

Noteworthy collections: Atripk'x amnicoki, A. gkmca,
A. mueUeri, A. stipitata, A. undukita, 306; Calocedrus

decurrens, Carex longii, 89; Ekusine coracana subsp.

africana, 310; Rytidosperma caespitosum, 90; Senecio

linearifolius var. linearifolius, 312; Viburnum edule,

306.

Calocedrus decurrens, noteworthy collection from CA, 89.

Campanulaceae (see Jasione)

Caprifoliaceae (see Viburnum)

Carex lenticularis var. dolia, noteworthy collection from
WY, 179; C longii, noteworthy collection from CA, 89.

Castanopsis (see Notliolithocarpus)

Castilleja levisecta, effects of host plants and implications

for reintroduction, 151.

Chenopodiaceae: Salsola tragus complex in CA, 113.

New taxa: Neokochia, new genus from North America,

251; N. americana and N. californica, new combs.,

255; Salsola ryanii, new sp. from CA, 126.

Noteworthy collections: Atriplex amnicola, A. glauca,

A. muelleri, A. stipitata, A. undulata from CA, 306.

Chromosome counts: Eriophvllum lanatum and hybrids,

278.

Chrysolepis (see Notholithocarpus)

Clarkia calientensis and C. tembloriensis, taxonomic
reassessment, 297.

Colorado (see Subalpine forest)

Compositae (see Asteraceae)

Conifer seedling survival under closed-canopy and
manzanita patches in the Sierra Nevada, CA, 191.

Cruciferae (see Brassicaceae)

Cryptantha crinita, habitat and distribution, 76.

Cumathamnion sympodophyllum, notes on early collec-

tions and distribution, 248.

Cupressaceae (see Calocedrus)

Cyperaceae (see Carex and Eleocharis)

Dactyloctenium radulans, noteworthy collection from AZ,
88^

Dedication of Vol. 55 to John O. Sawyer, Jr., 320

Delesseriaceae (see Cumathamnion)
Dissanthelium californicum, rediscovery and status on

Santa Catalina Id., CA, 60.

Drought reconstruction (see Paleoecology)

Ecotone (see Vegetation mapping)
Editor's report, 315.

Eleocharis macrostachya, spatial and temporal investiga-

fion, 257.

Eleusine coracana subsp. africana, noteworthy collection

from CA, 310.

Eriastrum: E. sparsi/lorum reassessment, 82.

New taxa: E. harwoodii and E. signatum, 82.
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Ericaceae (see Arctostaphylos)

Eriophylhmi lanatiim, hybrid zone in OR, 269.

Euphorbia terracina morphological traits and invasive

potential in coastal southern CA, 52.

Euphorbiaceae (see Euphorbia)

Fagaceae (see Notholithocarpus)

Festuca viviparoidea ssp. krajinae, noteworthy collection

from WY, 179.

Fire history (see Paleoecology)

Floras: Alpine flora of White Mts, CA, 202; vascular

flora of lower San Francisco volcanic field, Coconino
Co., AZ, 1.

Genetic structure (see Yucca)

Genetic swamping (see Oenothera)

Gentianaceae (see Gentianella)

Gentianella calanchoides, G. ericothanma, G. gilioides, G.

herrerae, G. polyantha, noteworthy collections from
Peru, 91.

Geraniaceae (see Geranium)

Geranium hicichim, noteworthy collection from WA, 178.

Glucose-6-phospate isomerase (see Yucca)

Gramineae (see Poaceae)

Hemiparasitic plants (see Castilleja)

Hybridization: Eriophylhmi lanatum, hybrid zone in OR,
269; lochroma, homoploid hybridization, 280; Oe-

nothera wolfii and O. glazioviana hybridization, 132.

Invasive plants: Arctotis, notes on two southern African

spp. growing in CA, 244; Arundo donaw role of floods

and bulldozers in break-up and dispersal, 216; CA
catalog of nonnative plants not in Jepson Manual, 93;

Euphorbia terracina in coastal southern CA, 52.

lochronuh homoploid hybridization, 280.

Jasione niontana, noteworthy collection from WA, 178.

Juncaceae (see Luzula)

Keys: Annual Eriastrum with stamens exterted less than

1/2 corolla lobe length, 87; Arctostaphylos in the central

and southern Santa Cruz Mts., 242; Rosa pisocarpa

subsp., 174; R. gymnocarpa vars., 176; separation of

Bestia from Isothecium, 292.

Kochia (see Neokochia)

Krantz anatomy (see Orcuttieae)

Lembophyllaceae (see Bestia)

Lilaeopsis schaffneriana var. recurva, livestock trampling

effects on, 81.

Lithocarpus (see Notholithocarpus)

Luzula campestris, noteworthy collection from WA, 178.

Lycurus (see Mulilenbergia)

Marine algae (see Cumathamnion)
Massenerhebung or mass-elevation effect (see Subalpine

fellfield)

MEXICO (see Arceuthobium and Asclepias)

Modoc Plateau, CA (see Paleoecology)

Mojave Desert (see Yucca)

Montana (see Ranunculus)

Moss (see Bestia)

Mt. Pinos, CA (see Subalpine fellfield)

Muhlenbergia alopecuroides, new comb, from Argentina,

159.

Neokochia, new genus from North America, 251; N.
Americana and N. californica, new comb., 255.

Notholithocarpus, new genus from western North Amer-
ica, 181.

New taxa: N. densiflorus var. densiflorus, N. densiflorus

var. echinoides, 188.

Oenothera wolfii and O. glazioviana hybridization, 132.

Onagraceae (see Clarkia and Oenothera)

Orcuttia tenuis, spatial and temporal investigation, 257.

Orcuttieae (Poaceae), C4 photosynthesis without Krantz
anatomy, 143.

Oregon: Eriophyllum lanatum, hybrid zone, 269; Oe-
nothera wolfii and O. glazioviana hybridization, 132;

Rosa gymnocarpa var. serpentine and R. pisocarpa

subsp. ahartii, new taxa from CA & OR, 170.

Paleoecology: Late Holocene wetland vegegation and
climate, Shasta Co., CA, 15.

Parasitic plants (see Arceuthobium)

Pasania (see Notholithocarpus)

Paulownia tomentosa, noteworthy collection from WA,
178.

PERU (see Gentianella)

Picea englemannii (see Subalpine forest)

Pinaceae: Conifer seedling survival under closed-canopy

and manzanita patches in the Sierra Nevada, CA, 191;

subalpine forest, origina of differences at a CO
location, 303.

Pinyon-juniper woodland (see Floras)

Pinus aristata (see Subalpine forest)

Pinus lamberticma (see Conifer seedling survival)

Poaceae: Arundo donax, role of floods and bulldozers in

break-up and dispersal, 216; Dissanthelium californi-

cum, rediscovery and status on Santa Catalina Id., CA,
60; Orcuttia tenuis, spatial and temporal investigation,

257; Orcuttieae, C4 photosynthesis without Krantz

anatomy, 143.

New taxon: Muhlenbergia alopecuroides, new comb,
from Argentina, 159.

Noteworthy collections: Dactyloctenium radulans from
AZ, 88; Eleusine coracana subsp. africana, collection

from CA, 310; Festuca viviparoidea ssp. krajinae,

from WY, 179; Rytidosperma caespitosum from CA,
90.

Polemoniaceae (see Eriastrum)

President's report, 314.

Prunus padus, noteworthy collection from WA, 178.

Ranunculaceae (see Ranunculus)

Ranunculus Jovis, noteworthy collection from MT, 91.

Reviews: California Native Plantsfor the Garden by Carol

Bomstein, David Fross and Bart O'Brien, 169; Native

Treasures: Gardening with the Plants of California by

Michael Nevin Smith, 180.

Rhodophyta (see Cumathamnion)

Rocky Mts. (see Subalpine forest)

Rosa gymnocarpa var. serpentine and R. pisocarpa subsp.

ahartii, new taxa from CA & OR, 170.

Rosaceae: New taxa: Rosa gymnocarpa var. serpentine

and R. pisocarpa subsp. ahartii from CA & OR, 170.

Noteworthy collections: Prunus padus, Sorbus hybrida,

from WA, 178.

Rytidosperma caespitosum, noteworthy collection from

CA, 90.

Salsola: S. tragus complex in CA, 113; S. ryanii, new sp.j

from CA, 126.
j
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San Francisco volcanic field, AZ, vacular flora of, 1

.

Sawyer, John O., Jr., Dedication of Vol. 55 to, 320

Scrophulariaceae (see Castilleja and Paiihnvnia)

Senecio linearifolius var. linearifolius, noteworthy collec-

tion from CA, 312.

Sierra Nevada, CA: Conifer seedling survival under

closed-canopy and manzanita patches in the Sierra

Nevada, CA, 191; vegetation change, 223.

Solanaceae (see lochroma)

Sorbus liyhrida, noteworthy collection from WA, 179.

Subalpine fellfield community ecology and ecophysiolo-

gy, Mt. Pinos, CA, 41.

Subalpine forest, origin of differences at a CO location,

303.

Vegetation change in central Sierra Nevada, CA, 223.

Vegetation mapping and ecotone analysis, southern

Coast Range, CA, 26.

Vegetation Type Mapping (VTM) project, 223.

Venidium (see Arctotis)

Vernal pool plants: Eleocharis macrostachyci and Orcuttia

tenuis, spatial and temporal investigation, 257; Orcut-

tieae (Poaceae), C4 photosynthesis without Krantz
anatomy, 143.

Vihumum ediilc\ noteworthy collection from CA, 306.

Viscaceae (see Arceufhohiuni)

Washington:

Noteworthy collections: Geranium lucidum, Jasione

inontana, Luzula campestris, Paulownia tomentosa,

Pnmus padus, Sorbus hyhrida, 178.

White Mts, CA, alpine flora, 202.

Wyoming:
Noteworthy collections: Carex lenticularis var. dolia,

Festuca viviparoidea ssp. krajinae, 179.

Yucca brevifo/ia, glucose-6-phospate isomerase variation

and genetic structure, 285.
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DEDICATION

JOHN O. SAWYER, JR.

The California Botanical Society dedicates this volume
of Madroiio to one of California's most influential plant

ecologists, John O. Sawyer, Jr., in recognition of his

distinguished accomplishments in research, in teaching,

and in conservation. John was born in Chico, California

in 1939. As an undergraduate he attended California

Polytechnic State University, San Luis Obispo and
California State University, Chico (as they are now
known), where he earned his bachelor's degree in 1961.

He received his M. S. in ecology (1963) and Ph. D. in

plant ecology (1966) from Purdue University. While

pursuing his graduate degrees, John was an instructor at

Chico, a graduate assistant at Purdue, and a field

ecologist for a consulting firm with projects in Costa

Rica and Thailand. His work in those two countries

resulted in productive collaborations with A. A. Lindsey

and A. W. Kiichler and two major publications. In 1966,

John joined the faculty of Humboldt State University

where he remained until his retirement in 2001.

John has published more than forty books and papers,

with more in preparation. While there were excursions

into such diverse topics as the biological formations of

the eastern United States, the vegetation life zones of

Costa Rica, and even a flora of a region in northern

Thailand, John's passion has been the vegetation of

California, particularly of the northwestern part of the

state. Having gone into the field with him for almost

forty years, I can attest to his boundless enthusiasm and
incredible knowledge. You can see this so clearly in his

latest book. Northwest California: a Natural History. He
is the co-author, along with Todd Keeler-Wolf, of A
Manna! of California Vegetation. It is recognized as the

standard reference on the subject. A new edition is in the

final stages of preparation. John has also contributed

treatments of the montane and subalpine vegetation of

the Klamath Mountains, the forests of northwestern

California, and alpine vegetation in Terrestrial Vegeta-

tion of California, edited by Michael Barbour, et al. John,

as his students would say, has this thing about woody
plants, especially conifers. His Trees and Shrubs of
Calif>rnia, co-authored by John Stuart, also at Hum-
boldt State, has received excellent reviews. Sawyer's

research was recognized by his faculty colleagues when
he was selected as Scholar of the Year at Humboldt State

University in 1997.

Some plant ecologists have little interest in or

knowledge of the flora itself Not so with Sawyer. He
has been involved in documenting the range extension of

subalpine fir into California; authored a paper on the

serpentine flora of the Lassies; authored or co-authored

taxonomic innovations in Rhamnus and Frangula, four

family treatments in The Jepson Manual of Higher Plants

of California, and the treatment of Rhaninaceae that will

appear in the Flora of North America North of Mexico.

Five editions of our Keys to the Families and Genera and
Vascular Plants in Northwestern California have been

published; twenty-two editions our checklist of the plants

of that same region have appeared. John is also

accomplished with the clippers, field press, and plastic

bag, the result being about 10,000 collection numbers.

While a faculty member at Humboldt State, John
taught general ecology and developed upper division

courses in plant ecology, arctic and alpine ecology, and a

general education class in California natural history. He
was also a prime mover in a very popular spring offering,

the desert field trip. Students always commented that his

courses were both intellectually and physically demand-
ing. One of John's former students, Andrea Pickart,

recalls that he was both demonstrating "critical think-

ing" and demanding it of his students long before it

became an academic cliche. By physically demanding, I

mean that John is not known for leading leisurely strolls

across the countryside. Of course you were going to go to

the top of that mountain; there might be interesting

manzanitas there. The lack of a well-defmed trail is a

trivial impediment. These days, John's field trips for the

California Native Plant Society and his Jepson Work-
shops are very popular, with a number of return

participants.

John served as the major professor for about 50

graduate students and was a committee member for a

number of others. What is remarkable is how many of

them remain close friends and colleagues. They now have

important faculty, federal and state agency positions,

and are successful consultants around the country. They
constitute an extended family. "Once a Sawyer stu-

dent..."

Photo by Michael Kauffmann, October 2008
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John has also made significant contributions to the

study of our state's rare and endangered plants and its

forests. He was an editor of the second edition of the

California Native Plant Society's Inventory of Rare and

Endangered Plants of California. He has held several

important positions in CNPS, including the presidency of

the society. It was under his leadership that CNPS began

its transformation into a truly statewide organization.

John remains active in the society, especially with the

North Coast Chapter. In 2006, he became a Councilor

for the Save the Redwoods League.

Had John been involved in drafting this dedication, he

would have wanted to acknowledge the encouragement
that he has received from Dale Thornburgh, his long-

time friend and colleague, and Jane Cole, his wife and
intrepid companion in the field. Allow me to do that on
his behalf

James P. Smith, Jr.

Professor of Botany, Emeritus

Department of Biological Sciences

Humboldt State University
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EFFECT OF TERRESTRIAL MOLLUSC HERBIVORY ON
HOLOCARPHA MACRADENIA (ASTERACEAE) SEEDLINGS IN CALIFORNIA

COASTAL PRAIRIE UNDER DIFFERENT CLIPPING REGIMES

Dominic M. Maze
Department of Botany and Plant Pathology, Oregon State University, Corvallis,

OR 97331-2911

dom_maze@yahoo .com

Abstract

Herbivory is generally overlooked as a factor influencing the viability of endangered plant

populations in western North American grasslands. I conducted experiments to determine the effects

of terrestrial mollusc herbivory for survival of a federally endangered, annual forb, Holocarplui

nuicradeuia (Santa Cruz tarplant), in California's coastal prairie. In addition, I utilized litter removal

and clipping regimes from a continuing study of site-specific responses to evaluate the relationship

between herbivory rates from terrestrial molluscs and disturbance regimes. I planted seedlings of H.

macradeuia into copper bordered quadrats that excluded molluscs and into non-copper bordered

controls at two sites in California's coastal prairie. Three treatment regimes of vegetation clipping and
litter removal were utilized. Herbivory damage was assessed using an ordinal scale every two weeks
throughout the rainy season. Molluscs were also trapped and identified. Herbivory amounts were

significantly less when molluscs were excluded from plots for all disturbance regimes; however, there

was no significant difference in herbivory levels between the disturbance regimes. A significant

amount of invertebrate herbivory on H. macradeuia was by the non-native slug, Deroceras rcticulatwu

(grey garden slug), and this herbivory significantly affected the survivability of H. maradeuia seedlings

in California coastal prairie.

Key Words: Coastal prairie, grasslands, herbivory, HolocarpJia nuicradeuia, Santa Cruz tarplant,

terrestrial mollusc.

Many recent studies concerning California's

coastal prairies have focused on management
strategies for maintaining populations of native

plants (Corbin et al. 2004). Strategies for

maintaining native plant populations include

prescribed fire (Belsky 1992; Davidson and
Kindscher 1999; Hatch et al. 1999), soil distur-

bance (Belsky 1992) mowing (Davidson and
Kindscher 1999; Hayes and Holl 2003a, b), and
limited grazing (Belsky 1992; Menke 1992;

Davidson and Kindscher 1999; Hatch et al.

1999; Hayes and Holl 2003a, b). Primary concern
about conservation of native grasslands has
focused on the influence of habitat destruction

(Hayes 1998) and competition from exotic grasses

(Hayes and Holl 2003b; Seabloom et al. 2003),

with little regard to the effects of nonnative,

mollusc herbivores on native plants. The exper-

iment reported here examines the effects of
herbivory by non-native, terrestrial molluscs on
seedling survival of Holocarpha macradenia
Greene, a federally listed, endangered, annual
forb.

Anecdotal observations have indicated that a

large component of herbivory of H. nuicradenia is

at the seedhng stage and by molluscs (G. Hayes,
pers. obs.). With H. macradenia populations
requiring management and with most remaining
populations experiencing decline or interannual
variability in numbers, my study evaluates the

effect of mollusc herbivory on the viability of H.

macradenia seedlings, a component not examined
in previous studies.

Temperate grasslands have a high abundance
of terrestrial molluscs (Crawley 1983; Hulme
1996). In California's coastal prairie, D. reticula-

tum Miiller, a nonnative species from Europe, is

particularly abundant and widespread (B. Roth,

American Malacological Society, personal com-
munication). Where endemic, studies examining
the effects of herbivory by D. reticidatum have

been performed (Rodriguez and Brown 1998;

Scheidel and Bruelheide 1999a, b; Hanley et al.

1995a, b; Frank 1997; Hatto and Harper 1969).

For many species of plants, these studies found
that mollusc herbivory is an important factor

affecting survivorship and abundance.

The amount of damage from herbivory to

seedlings in grasslands may be more important

than other forces affecting seedling survival

(Dirzo and Harper 1980), with mollusc herbivory

often comprising a significant amount of this

damage (Wilby and Brown 2001; Hitchmough
2003). In addition, the accumulation of plant

litter can be a major factor in species competition

(Hayes and Holl 2003a, b). The accumulation of

plant litter in grasslands may limit seedling

survival by not allowing favorable conditions

for growth (Milchunas et al. 1995), increasing

susceptibility to fungal pathogens by extending
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the duration of free water on leaf surfaces for

fungal spore adherence and germination (Bradley

et al. 2003), and also by providing a moist,

protected habitat for terrestrial molluscs (Maze,

pers. obs; Hitchmough 2003). The relatively

recent introduction of D. reticulatum, which
probably took place when the Spanish began
grazing cattle in California (B. Roth, American
Malacological Society, personal communication),

may be affecting species composition in Califor-

nia's coastal grasslands as it affect species'

composition in its native range (Cottam 1986;

Edwards and Gillman 1987; Hanley et al. 1995a).

Because mollusc prefer plants at the seedling

stage (Duthoit 1964; Byers and Bierlein 1982;

Hanley et al. 1995b), have preference-based

feeding (Dirzo 1980; Hanley et al. 1995b), and
can be a major factor affecting plant population

size and viability (Hanley et al. 1996; Scheidel

and Bruelheide 1999b; Fenner et al. 1999; Fritz et

al. 2001), this herbivory may have implications

for H. nuicradeuia survivorship and persistence of

its now fragmented and threatened populations.

Competition is likely intense in California's

coastal prairie (Stromberg et al. 2002), and any
competitive advantage may have major implica-

tions for a species' population viability (Hulme
1996). This competition, coupled with herbivory,

can have significant effects on the survivability of

plants (van der Wal et al. 2000). These factors, in

addition to evidence that slug herbivory is a

potent force affecting community structure and
plant performance (Hill and Silvertown 1997;

Scheidel and Bruelheide 1999a, b, 2001; Fritz et

al. 2001; Buschmann et al. 2005), raise the

question of to what extent does slug herbivory,

affect H. macradenia survivability?

Therefore, my research goals were to answer
the following questions: 1) What is the extent and
the effect of mollusc herbivory on H. macradenia

seedlings? 2) Which mollusc species are herbi-

vores of H. macradenia and are they native or

introduced species? 3) Do grassland management
strategies employing the clipping and removal of

vegetation influence mollusc herbivory?

Materials and Methods

Study Species

Holocarpha macradenia is a federally endan-
gered, glandular, annual plant of California's

coastal prairie, with a growth habit that ranges

from prostrate and branching to erect and
monopodial. Small plants can produce a single

flower head, while larger plants have a rigid main
stem and lateral branches that grow to the height

of the main stem (1-5 dm) and produce many
flower heads. The leaves are larger and linear at

the base of the plant (up to 12 cm), and are

reduced up the stem. Holocarpha macradenia

produces more central disk flowers than any
related species (California Department of Fish

and Game 2002).

Holocarpha macradenia is known from grass-

lands below 150 m in elevation. Historically, it

occurred from northern Monterey County, north
to Marin County. Currently known Santa Cruz
tarplant populations are frequently associated

with non-native grasses (e.g., in the genera Avena,

Bromus, Hordeum, Briza, and Vulpia). Native

associates include species of related Asteraceae,

and of Juncus and Danthonia (CDFG 2002).

Current H. macradenia populations are in flux

and survival of the species is dependent on
management strategies employed (Hayes 1998),

although many management efforts to increase

its numbers have met with limited success. With
only 13 natural populations, effective manage-
ment strategies for both protecting the remaining

populations and for facihtating the reintroduc-

tion of H. macradenia are needed.

Experimental Design

I conducted research between December 2003

and April 2004, from the first substantial rains to

the end of the rainy season, at two coastal prairie

sites within 4 km of the ocean, and less than

150 m in elevation. The sites were separated by
25 km, north to south. I conducted my experi-

ment in 52 m X 52 m enclosures that have been

undergoing clipping and vegetation removal
manipulations since 1998 (Hayes and Holl

2003a, b). Study sites were enclosed with fencing

in the fall of 1998 to keep out cattle and feral

pigs. Within these enclosures, Hayes and Holl

randomly allocated 30, 7 m X 7 m plots with ten

treatments. For my study, I utilized three of the

ten treatments (described below). The two sites

were: '^Elkhorn", 36^52'4.3"N, 12r44'23.8"W
(near the Elkhorn Slough reserve in Monterey
Co.) and "UCSC", 36°59'5.5"N, 122°3'0.9"W (on

the University of California at Santa Cruz
campus). The Elkhorn site is about 200 m from
one of the largest known natural populations of

H. macradenia while the UCSC site has no
known historical population.

At both sites, I utilized plots with three

treatments of clipping and removal of cut

vegetation: clipped 2 times a year, clipped 6 times

a year, and untreated "control" plots (Hayes and
Holl 2003b). Treatments were accomplished with

a weed-whip and removal of cut vegetation with a

rake after each clipping. Control plots were not

manipulated. Clipping and raking regimes greatly

reduced both vegetation cover and biomass,

although these were not measured during my
study.

For each clipping regime at each site I placed a

treated quadrat, bordered with copper flashing,

and a control quadrat delineated with string. All
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were 1 m- and contained 16 4-week old seedlings,

evenly dispersed within the plot. Each plant was
23-26 cm from any neighboring seedling or the

plot edge. I placed my quadrats in the southeast-

erly corners of the Hayes and Holl 7 X 7 m plots,

1 m from the corners. Each of the quadrats for this

study was assigned separate plots from the Hayes
and Holl study. To ensure accurate herbivory

measurements, clipping and raking were suspend-

ed for each quadrat for the duration ofmy study.

Whereas previous experiments used the broad
application of molluscicides as an abundance-
and density-reducing tool (Hanley et al. 1995a;

Rees and Brown 1992; Frank 1997), both the

sensitive nature of these grasslands and the

possible presence of unknown, native molluscs

warranted another approach. I used 8.5 cm
copper flashing firmly adhered to the soil layer

using galvanized 16-penny nails to create a

barrier around these quadrats. Terrestrial mol-
luscs cannot cross copper (Grewal et al. 2003)

and the flashing employed was manufactured for

this purpose (U.S. Patent # 4,471,562). In

addition to the copper flashing, slug traps were
placed in each southeasterly corner of the treated

(copper-bordered) quadrats. The slug traps were
a pitfall type consisting of a buried 12 once
aluminum can a third filled with a Pilsner type

beer. The traps further decreased the density and
abundance of existing and emerging molluscs

within the manipulated plots and provided
specimens for identification. Slug traps were
originally also placed outside of the fenced

enclosures to further examine the mollusc species

present; however, these traps were unsustainable

due to damage from cattle.

Experimental Procedure

Seed of H. macradema was collected from
stock plants and sown on November 1 8, 2003 at the

University of California Santa Cruz, Thimann
greenhouse. Seedlings were moved outside of the

greenhouse 2 wk after sowing. The seedlings were
outplanted on December 18th and 19th into the

quadrats, as the local rains were becoming sub-

stantial. Measurements of the extent of herbivory
on H. macradema seedlings were taken every two
weeks from January 3, 2004 to April 6, 2004, with
each site being measured within 2 d of each other.

Herbivory damage was assessed visually on an
ordinal scale of 0 to 4, corresponding to 4 = 1 00%,
3 = 75%, 2 = 50%, 1 = 25%, 0 = 0% of the plant

damaged. Mollusc herbivory was easily identified:

signs included characteristic feces, mucus "trails",

a hand lens revealed rasped margins of damage
indicating radular-type herbivory, and often,

especially after precipitation events, I observed
slugs actively consuming the seedlings.

I measured vegetation height in each plot by
dropping a paper plate onto the vegetation and

measuring from the plate's center to the soil

surface (Davis and Sherman 1992). I averaged
vegetation depth and litter for all plots within

each clipping regime at the start of the study:

clipping 2 times a year, 5.75 cm; clipping 6 times

a year, 4.0 cm; "controls'", 16.3 cm. In "control"

plots, vegetation litter was so thick from the five

years of the Hayes and Holl study that no change
in the height of the vegetation was observed
during the duration of the study.

Statistics

Measurements were compiled for each plot by
taking the mean levels of herbivory for all

seedlings for each date, respective of manipula-
tion or control for each clipping regime. SAS
version 8.01 (SAS Institute, Cary, NC) was
employed for the univariate repeated measures
ANOVA with sampling date, slug exclusion, and
clipping regimes as the independent variables. A
separate univariate repeated measures ANOVA
was also employed to test for differences in

survivability of H. macradema with slug exclusion

as the independent variable.

Seedling mortality was examined by computing
nonparametric estimates of survivor functions,

stratified by site, after recording the fate of each
seedling. For this analysis of survivability, SAS
version 9.1.3 (SAS Institute, Cary, NC) was
employed with LIFETEST procedures, which
allowed for seedlings that experienced mortality

due to non-mollusc factors or that were alive at

the end of the study, to be right-censored. For
these survivor functions, a log-rank test for

homogeneity between treatments was performed.

Results

Both the Elkhorn and UCSC sites showed
significantly less herbivore damage in the copper-

bordered plots as opposed to the control plots

throughout the study (F,,7 = 8.44; P = 0.0198,

Fig. 1 ), with the rate of herbivory increasing over

time as the study progressed (F540 = 3.42; P =
0.0283).

Differences in herbivory among clipping re-

gimes were not significant with regards to levels

of herbivory (F2,ii - 1.79; P = 0.2285).

Analysis of seedling mortality indicated that

terrestrial molluscs have significant effects on the

survivorship of H. macradenia, (log-rank, Chi-

square statistic = 53.31, P < 0.0001, Fig. 2).

Analysis by the same statistical method but

without stratification by site resulted in similar

values (log-rank, Chi-square statistic = 55.15, P
< 0.0001). At the end of the study (107 d), the

survival estimate for control seedlings at both
sites was 13.5%, while the mollusc-excluded
seedlings experienced 55.8% survivorship. The
probability of survival decreased at a greater rate
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Fig. 1. Mean percent herbivory for all H. macradenia seedlings with regard to presence or absence of slug

exclusions and without regard to clipping regimes. Error bars indicate standard error.

in control plots than in copper-bordered plots at

both sites (Fig. 2), with estimated mean survival

times reflecting this trend difference (Table 1 ).

Discussion

The hypothesis that terrestrial molluscs signif-

icantly affect H. inacradenia seedlings via herbiv-

ory is strongly supported by the results of this

experiment. Exclusion and trapping of molluscs

led to decreased rates of herbivory over the

duration of the experiment with one notable

exception, which was one copper-bordered plot

at UCSC that underwent twice-yearly clipping.

Initial rates of herbivory in this plot were
statistically identical to that of the untreated
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Fig. 2. Survival probability curves for mollusc-excluded (copper) and control seedlings. From a log-rank test for

homogeneity, stratified by location.
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Table L Mean Survival Time Estimates (in Days) and Standard Errors for H. macradenia
Seedlings at Both Sites for Mollusc-Excluded (Copper) and Control Seedlings. From a log-rank

test for homogeneity.

UCSC control UCSC copper Elkhorn control Elkhorn copper

Mean survival time (days) 76.8 99.0 88.6 101.0

Standard error 3.03 2.14 2.08 1.98

controls due to a breach in the copper stripping

of about 13 cm, which led to a large initial

standard error for the combined means of the

manipulated plots. The breach was due to cows
which entered the fenced enclosure and damaged
the copper barrier sometime between herbivory

assessments. The copper barrier was breached for

no longer than 13 d. The fact that the herbivory

rates in the breached plot were so similar to those

in the corresponding control plots is a testament

to both the effectiveness of the copper (in light of

the herbivory rates in the non-breached plots)

and to the tenacity of the slugs themselves. After

the repair, seedlings slowly recovered while the

control seedlings of the corresponding plot were

effectively decimated.

Seedlings performed differently at the two sites.

The Elkhorn seedlings appeared more vigorous

than their counterparts at the UCSC site,

although statistical analyses showed that differ-

ences in herbivory and mortality were not

significant. The Elkhorn site is next to a natural

population of H. nuicradenia from which the seed

for this experiment was collected. Two weeks
after the last herbivory assessments were made
most of the remaining UCSC seedlings had died,

although seemingly not from invertebrate herbiv-

ory. Seedlings may have died because the site is

not suitable for H. nuicradenia. Not all coastal

grasslands are suitable habitat for H. macradenia,

suggesting other factors such as soil type and
microclimate should be considered for any
reintroduction efforts.

Six of the 134 molluscs trapped over the

duration of the study were not D. reticidatwn.

These were all one species of native snail and all

were collected at the Elkhorn site in February.

The snails were members of the family Succinei-

dae, with the genus being either Succinea or

Catinella which is associated with seasonally wet
conditions (B. Roth, American Malacological

Society, pers. comm.). These native snails are

probably less effective herbivores than D. reticu-

latum based on the small number trapped and
their diminutive nature (0.5 cm in diameter)

relative to D. reticulatiini (up to 8 cm in length

in this experiment).

The impact of mollusc-induced mortality was
perhaps the most striking result of this study. The
survivorship curves illustrate the significant effect

that mollusc herbivory had on H. nuicradenia in

this study (Fig. 2). The fact that almost all

herbivory was mollusc induced before day 70,

and that one introduced mollusc was responsible

for most (if not all) of this herbivory, suggests

that D. reticidatum might be adversely affecting

annual forb persistence in not only coastal but

also interior grasslands (Severns 2006). Mollusc
herbivory continued throughout the duration of

the study with increased emergence of arthropod

herbivores resulting in similar survival proba-

bility slopes between treatments after day
70 (Fig. 2); however, this was not statistically

analyzed.

Mollusc herbivory was fairly constant with

varying vegetation depth and clipping regimes

until the last data set, where herbivory in the

heavier thatched, non-clipped plots increased at

UCSC (data not shown). This is perhaps due to

the increasingly warmer and drier habitat as the

rainy season ended. The fact that herbivory did

not differ among clipping and vegetation removal
regimes or controls earlier in the season might be

due to the small size of the quadrats, unknown
distance of movements of D. reticidatum in

California coastal prairie, or ability of D.

reticulatum to tolerate different amounts of cover

and vegetation. This does not necessarily imply

that in an unmanipulated setting, differences in

disturbance history would not be important.

Disturbance could affect the surrounding vege-

tation, which could then affect factors including

germination time, seed mortality and predation,

and seed dispersal. As for movements of D.

reticulatiinu in European rapeseed crops complete

losses occurred within 2 m of slug habitat,

although another species of slug was also present

(Frank 1997).

Given that nonnative slug herbivory induced

low survival for H. macradenia seedlings and that

previous studies such as Bevill et al. (1999)

illustrated that short-term protection of juvenile

rare plants from invertebrate herbivores can

improve the probability of long-term persistence

of populations, future management of H. macra-

denia should examine possible ways to limit slug

herbivory. Obviously, the cost, labor, and main-
tenance of copper flashing make this method
highly impractical. More feasible methods in-

clude 5% metaldehyde pellets (a molluscicide),

which is undesirable because of adverse impacts

on native molluscs in the remaining remnants of

coastal prairie in California. It was observed that

a few (4 total) seedlings in heavily grazed control
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plots were never or only slightly grazed over the

duration of the experiment, suggesting there

might be a phenotype that resists mollusc
herbivory as shown with Asarum caudatuni (wild

ginger) (Gates 1975). Results of this study suggest

that D. reticulatum herbivory should be consid-

ered when devising management or reintroduc-

tion strategies for H. macradema.
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Abstract

Fuel treatments to reduce fire danger are being applied to public lands throughout the western

United States, affecting significant acreage at considerable expense. This study compares the short

term effects of two fuel treatment methods, shrub mastication and "hand cut, pile, and burn" (HPB),
on chaparral communities in southwestern Oregon. Cecmothus cuneatus dominated the study sites

where permanent paired plots were established on either side of treatment-control boundaries. Over a

two year period, we recorded all vascular plant species within each treatment or control plot, along

with an abundance class for each species. The effects of treatment on species composition and
abundance of forbs and graminoids, overall as well as by plant trait group, were surprisingly small.

Time since treatment, 1 yr or 2 yr, had a stronger effect on species composition than did treatment

method. Species abundance and richness were greater in the first year after treatments than in the

second year or in controls. In the second year, after both types of treatments, species abundance and
richness were reduced, while after mastication treatment, these measures were lower than in control

areas. The HPB treatment had a greater effect on plant communities than did mastication, due, at

least in part, to the presence of fire rings from burned piles. Compared to their surrounding treated

plots, fire rings had greater proportions of both annuals (95% versus 71%) and introduced weeds

(35% versus 21%) in the second year after treatment. Ceanolhus germination was stimulated in fire

rings but also occurred in most plots, including controls. Both types of treated areas had more
Cecmothus seedlings than their controls. Short term evidence suggests that the HPB treatment may
lead to an increase in weedy and exotic species and the mastication treatment may reduce species

diversity. The HPB treatment may also increase native species diversity by allowing fire-cued species

to establish. Additional monitoring over time is needed to assess longer term treatment consequences

for these northern chaparral communities.

Key Words: Burn piles, Cecmothus cuneatus, chaparral, fire management, fuel reduction, shrub

mastication.

Fuel treatments have become an increasingly

important aspect of public lands management in

the western United States. Decades of fire

suppression have increased fuel loads in some
forests and shrublands, potentially increasing

spread and severity of fires when they occur.

Recent large-scale wildfires and the expansion of

housing in proximity to wildlands have resulted

in loss of property and increased motivation to

prevent further losses (Keeley 2002). The primary
purpose of fuel treatment is to remove, reduce, or

alter combustible plant material that can act as

fuel for a fire, thus reducing wildfire risks. Other
potential benefits include rejuvenating senescent

shrubs, increasing forage for wildlife (Lillywhite

1977; Rogers et al. 2004), and improving
conditions for forbs and grasses. Risks associated

with fuel treatments include invasion or expan-

sion of exotic plant species (e.g., Merriam et al.

2006; Perchemlides et al. 2008) and loss or

reduction of native species caused by depleted

' Present address: California Native Plant Society,

2707 K Street, Suite 1, Sacramento, CA 95816. E-mail:

sikesk@lifetiine.oregonstate.edu.

or treatment-damaged seed banks, mycorrhizal

communities, or resprouting success (e.g.. Smith

et al. 2004; Busse et al. 2005; LeFer and Parker

2005; Knapp et al. 2007). These potentially

negative effects depend on the ecosystem being

treated, fuel loads, historical fire regimes, recent

fire-free intervals, and method of treatment (e.g.,

Keeley and Fotheringham 2001a; Veblen 2003;

Knapp et al. 2007).

Mechanical methods of fuel treatment have

become more common because of risks associat-

ed with prescribed fire and the effects of smoke ;

on air quahty in populated areas. Mechanical

treatments are being used in fire-adapted plant
|

communities, such as chaparral, though conse-

quences for the ecosystems are not well under-

stood (Knapp et al. 2007). Chaparral most
commonly burns in stand-replacing fires that do i

not leave records such as fire scars, resulting in

uncertainty about past fire regimes (Keeley and
Fotheringham 2001b). Estimates of a fire return

interval for chaparral in the pre-industrial United

States range from 20^0 yr (Leenhouts 1998) to

50-80 yr (Zedler 1995). A range of regeneration

strategies coexists in this diverse plant communi-
ty, making chaparral resilient to fire and other

,
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disturbances (Lavorel 1999; Keeley et al. 2005b).

While some chaparral plant species are long-lived

(Keeley et al. 2005a), many have relatively short

life spans, and are dependent on fire for

reproduction or the creation of sites for estab-

lishment. Replacing fire with mechanical fuel

treatment is likely to affect the regeneration of

some species and the community in general.

Chaparral is found in regions with the hot dry

summers and cool wet winters of a Mediterra-

nean climate, and is often dominated by a single

shrub species with small, evergreen leaves.

Ceanothus cuneatus (Hook.) Nutt. (Rhamnaceae)
dominates the chaparral of central and northern

California and Oregon's Rogue Valley, "the

northernmost outpost of typical North American
chaparral" (Detling 1961, p. 354). Chaparral is

the most xeric vegetation type in southwestern

Oregon, with C. cuneatus being the most drought

and heat tolerant of the area's woody dominants

(Detling 1961). In the Rogue Valley, Ceanothus

chaparral is usually found adjacent to the more
mesic habitat of Quercus garryana Dougl. ex

Hook. (Fagaceae) oak woodlands, while Arcto-

staphylos viscida Parry (Ericaceae) is found
overlapping the two adjacent zones (Detling

1961). Ceanothus stands are often interspersed

with grass openings.

The Medford District of the Bureau of Land
Management (BLM) in southwestern Oregon
manages a checkerboard of public lands inter-

mixed with private, inhabited lands. In recent

years, the BLM has allotted substantial funds to

treating fuels in both chaparral and oak wood-
lands using two methods: mastication and hand
cut, pile, and burn (HPB). Mastication uses

heavy machinery on caterpillar treads that is

equipped with a rotating brush cutting disk on a

moveable arm. The machine can shred woody
material up to 30 cm in diameter. The resulting

chips and coarsely shredded debris are left on site.

In the HPB treatment, fuel removal is accom-
plished using chainsaws and the cut material is

piled for later burning. Burn piles are generally

about 3 m in diameter and up to 2 m high; a few

sheets of plastic are incorporated into them to

keep their centers relatively dry for burning

during the rainy season.

Both treatment methods open the canopy,

increasing light availabiUty on the ground, but

neither removes the litter layer or approximates
the soil surface conditions found after fire

(Kauffman 2004). Mastication does not remove
fuels, but alters their structure, leaving woody
debris on the soil surface. Little woody debris

remains after HPB treatment. Small patches of

the HPB treatment area are subjected to high

intensity fire from burned brush piles.

There are concerns about the potential conse-

quences of the management techniques being

used on the plant communities in southwestern

Oregon. While fuel management has been applied

to thousands of hectares in this region since the

mid-1990's (USDI 1999), effects of treatments on
fuel conditions, subsequent fire behavior, or plant

or animal communities have received little

attention (but see Perchemlides et al. 2008). The
overall objective of this study was to determine

the short term effect of fuel treatments on plant

communities in which Ceanothus cuneatus is the

dominant shrub. Specifically, we addressed the

following questions. Do fuel treatments enhance
or reduce opportunities for native plant estab-

lishment? Do they increase the spread of non-

native weeds? Do the two types of fuel treatments

affect the plant community differently? How does

the presence of fire rings from burned piles affect

species composition? We analyzed differences in

plant community response and Ceanothus regen-

eration one and two years after both types of

treatments.

Methods

Study Area

This research was conducted on public lands in

the Butte Falls Resource Area (42'32'N,

122°37'W) of the Medford District Bureau of

Land Management (BLM). Study areas were

located within a 10 km radius in the foothills of

the Cascade Range in the Rogue River water-

shed, northeast of Medford, Jackson County, in

southwestern Oregon (Fig. 1). The Rogue Valley

is bounded by the Siskiyou Mountains to the

west and south, and by the Cascade Mountains
to the east. The valley floor, up to about 750 m in

elevation, has been categorized as the Interior

Valley Zone which includes oak woodlands,

coniferous forests, grassland, and chaparral

(Franklin and Dyrness 1973). At higher eleva-

tion, mixed conifer forest begins to dominate

(Franklin and Dyrness 1973). Chaparral occurs

in the driest areas up to 1 100 m (Detling 1961).

Elevation at our study sites ranges from 500 to

920 m. Precipitation varies with elevation, aver-

aging 47 cm per yr at 395 m in Medford, and
92 cm in Butte Falls at 762 m (NOAA 2004;

Fig. 1). Only 20 percent of the annual precipita-

tion falls between April and September (Johnson

1993). The normal average July temperature is

20.7°C at 482 m (Lost Creek Dam), and 22.6 C
at Medford. The average January temperature is

3.2°C at 482 m, and is similar throughout the

elevation range of our study sites (NOAA 2004).

Study sites have moderate (4%-31%) slopes,

predominantly south-facing. Soils are Carney
clay, McMullin-Rock outcrop complex, and
Medco-McMullin complex (Johnson 1993). Both

the Carney clay and Medco soils have very slow

permeability. The Carney soil has a high clay

content throughout and therefore can cause areas



Fig. 1. Map of Jackson County, Oregon (in white), including major highway routes, significant population

centers, and the Rogue River. Plot pairs are shown as dots within the grey oval in the vicinity of Butte Falls.

of standing water. The clay subsoil of the Medco
soil keeps the water table high in winter and
limits the effective rooting depth. McMullin soils

are moderately permeable, but shallow, support-

ing mainly shrubs, grasses and forbs (Johnson

1993).

Ceanotlms cuneatus was the dominant woody
plant at all of the study sites. Quercus garrycma

(Oregon white oak) was common, with some oak
canopy occurring in about half of the plots

sampled. Herbaceous vegetation was dominated
by annuals, especially non-native annual grasses.

All sites have a history of livestock grazing. No
evidence of recent fire or clearing was discovered

from a search of aerial photos on file at the BLM
(taken approximately once each decade since

1966).

Treatment Prescriptions

In both HPB and mastication treatments,

approximately 75% of the shrub cover was
removed (M. Wineteer, BLM, personal commu-
nication). Prescriptions varied slightly by man-
agement unit, but, in general, all shrubs under or

within 3 m of tree crowns were removed. Shrubs
in the open were thinned to produce a space

between clumps of approximately 7.6 m (Fig. 2).

Large healthy trees (i.e., conifers >18 cm diam.

at breast height (DBH) and hardwoods >25 cm
DBH) were not removed. Smaller trees were
retained with a 7.6 m spacing.

Management units were contiguous areas with

a single treatment prescription carried out by a

single entity. Units varied in size from 1.2 to

76 ha. Treatment conditions often varied from
place to place within a unit because treatments

could take days or months to be completed. All

burning of hand piles for the HPB treatment

occurred in November or December of 2002

(2 yrs before sampling) or 2003 (1 yr before

sampling). Cutting and piling, however, began
as early as November of the previous year.

Mastication treatments were completed in April,

May, or June of 2002 and in November or

December of 2003.

Field Methods

Plot establishment. Pairs of permanent plots (n \

= 26 plots) were established in summer 2003 near

the boundaries of fuels reduction units slated to

be treated the following fall or winter. We
selected areas where the plant community and

j

environment appeared similar on both sides of

the boundary. Plot pairs were randomly located

on either side of such boundaries. Random ^

locations were rejected and redetermined if they
j

resulted in conditions that clearly differed in

community or aspect within a pair. Each plot was
50 m X 1 m (50 m^) and was at least 15 m from

|i

the marked treatment boundary. Nine of the

pairs established pre-treatment were subsequently

treated, and re-sampled in 2004. One of the nine
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Fig. 2. Photos of a management area before and after mastication treatment. Pre-treatment photo (top) was
taken in July 2003, post-treatment (bottom) in May 2004.

pairs, an HPB treatment and control, was only

partially treated, having been cut and piled, while

the piles remained unburned.

Additional plots were established in 2004 near

the boundaries of fuel management units that had
already been treated. Some were in areas that had
been treated in 2003 at similar times as the pre-

treatment plots set up the previous year. These
nine retrospective plots were added to compen-
sate for pairs established in 2003 whose scheduled

treatments had not occurred. One plot was
matched with an existing control, resulting in

five additional pairs sampled 1 yr since treat-

ment. Other plots (n = 25) established in 2004
were in areas that had been treated in 2002. In

locating retrospective plots, we reduced the

required distance between plot and boundary to

7.5 m since we no longer needed to allow for

potential differences between the boundary
flagged for treatment and the actual treatment
boundary.

Species abundance data reported here were
collected between May 5 and July 28, 2004 in 52
plots, including six pairs for each treatment type

and year and four additional unpaired plots that

were sampled 1 yr post-treatment. Pair members
were sampled on or near the same day. Plots were

distributed across 13 land survey sections (each

2.59 sq km in area) and 21 management units.

Some units were adjacent to each other, so that

some pairs in different units were closer together

than pairs in the same unit. The distances

between pairs ranged from approximately
100 m to 20 km (Fig. 1), with the average being

870 m.

Sampling method. Physical data recorded for

each 50 m- plot included cover estimates for bare

soil (including gravel-sized rock), rock, litter,

woody debris, and standing dead C. cuneatus

shrubs (rooted in plot and >30 cm in height), with

the following cover classes: 0 = none; 1 = < 10%
cover; 2 = 10-25% cover; 3 = 25-50% cover;A=>
50% cover.

We recorded numbers of Ccanothus in each of

four life stages: seedlings (plants that germinated

that year with little or no woody tissue);

immatures (plants with some woodiness <30 cm
tall); living stumps (plants that had been cut but

still had green foliage); and matures (uncut
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mature plants >30 cm tall). Living stumps did

not show vigorous resprouting as observed in

other woody species; it was unclear whether these

plants would survive.

The abundance of each vascular plant taxon

rooted in the plot was recorded. We used the

following broad abundance classes, adapted from
the Forest Health Monitoring protocol for

lichens (USDA/FS 2002): 0 = Absent (not

present in plot), 1 = Rare (1-3 individuals in

the plot), 2 = Uncommon (4-10 individuals

present), 3 = Common (more than 10 individuals

but less than 50% cover), 4 = Abundant (greater

than 50% cover). Most taxa were recorded as

species; however, some that were not reliably

distinguished in the field were combined with

other species in their genus. Samples of unknown
or uncertain species were collected for later

identification or verification. See Sikes (2005)

for a full species list and a list of vouchers

accessioned by OSC (Sikes 45A-232).

Because the species composition of fire rings

resulting from burned piles appeared different

from the rest of an HPB treated plot, and because

the proportion of the plot covered by fire rings

was small, we adopted an additional sampHng
procedure to capture their species composition. A
circular plot with an area of 0.25 m- was placed

at the visually estimated center of each of three

fire rings that most overlapped the HPB treated

plot, or were closest to it. Species abundance
within the circular plot was recorded using the

same abundance codes given above. Percent

cover of rock, litter, and woody debris was also

estimated using the substrate cover codes de-

scribed above. Forty-two fire rings were sampled
in June or July 2004, three for each of 14 HPB
treatment plots. All had been burned in the

months of November or December, half of them
in 2003, the other half in 2002.

Data Analysis

Multivariate analyses were performed using

PC-ORD for Windows, Version 4.25 (McCune
and Mefford 1999). Other statistical tests were
performed using S-PLUS 6.2 for Windows. Data
included abundance codes for all taxa in four

categories of post-treatment plots, distinguished

by treatment type and time since treatment, and
their paired controls. Number of taxa present in

each plot was included as a plot attribute. Before

analyses, we deleted species that occurred in

fewer than four plots, to reduce heterogeneity in

the data in order that the more rare species did

not overly influence our results and to strengthen

overall species composition patterns. We also

deleted all woody plants from the primary dataset

since we were interested in the treatment effects

on other components of the plant communities.

We used blocked multi-response permutation
procedures with Euclidean distances (McCune
and Grace 2002) to compare species composition
between treatment and control groups. Multi-

response permutation procedure (MRPP) is a

nonparametric test for multivariate difference

between two or more pre-defined groups (Zim-
merman et al. 1985). The test provides a P-value

based on randomized group reassignments and
A-values that represent chance-corrected within-

group agreement. A = 1 indicates complete
agreement where all items are identical within

groups, and A = 0 when heterogeneity within

groups is the same as expected by chance
(McCune and Grace 2002). Blocking by pair

focused the analysis on differences within the

pair, while accounting for variation among pairs.

We tested for differences between treatment and
controls in all matched pairs, HPB treatments

(including one partially treated pair), mastication

treatments, plots treated the year prior to

sampling, plots treated 2 yr prior to sampling,

and the four subgroups made up of each
treatment type by each treatment year.

We also created a data matrix to represent the

treatment effect on each pair. For each matched
pair, species abundance values for the control

were subtracted from those for the treatment.

The full set of 229 taxa, including rare and woody
species, was used. We used this difference matrix

to calculate a matrix of changes in species traits

for assessing treatment effects on life forms (forb,

graminoid, shrub, tree, annual, or perennial),

geographic origin (native or non-native), and
weediness of community constituents. Traits were

determined from Hickman (1993) and the Plants

database (USDA, NRCS 2004). Weedy plants

(characteristic of disturbed habitats) were also

categorized as either native or introduced weeds.

Plants accorded special status by the Medford
District BLM (M. Wineteer, personal communi-
cation) were also indicated. The change in species

trait by pair matrix was created by multiplying

the difference matrix described above by a matrix

of traits by species.

Within-pair differences in each trait were tested

for differences from zero using one-sample t-tests.

Two-sample t-tests tested whether changes in

traits differed between treatment types and
between time-since-treatment groups. We also

tested for changes in species richness and canopy
cover between these groups. T-tests were chosen

because a normal distribution was approximated;

however, P-values should be treated with caution

because multiple comparisons were made and
geographic proximity between some pairs prob-

ably compromised their independence.

To compare how many species of each trait

had changed in treated versus control plots, a

second change of species trait by pair matrix was
created by converting each change in species
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Table L Tests for Differences in Community Composition Between Fuel-treated Plots and
Matched Controls, MRPP Blocked by Pair (Woody Species Deleted). The larger the A-value the less

likely the similarity within the pre-defined groups can be expected by chance.

Group Number oi plots

Within-group agreement

(A) rrobability ( r)

All matched pairs 48 0.007 0.024

HPB treatment 24 0.012 0.036

Mastication treatment 24 0.004 0.234

1 yr since treatment 24 0.023 0.002

2 yr since treatment 24 0.005 0.172

1 yr since HPB treatment 12 0.029 0.038

2 yr since HPB treatment 12 0.009 0.254

1 yr since mastication 12 0.029 0.038

2 yr since mastication 12 0.002 0.428

abundance by pair in the difference matrix to 1 or
— 1 (increase or decrease) such that the subse-

quent multiplication resulted in a matrix contain-

ing the number of species changed rather than the

quantitative changes in abundance values. We
then used the full 229 taxa dataset to make a

presence-absence matrix for control plots and
calculate the number of species per trait in these

plots. Percent of species changed by trait was
calculated using the average number of species

differing between treatment and control for a

given trait divided by the average number of

species with that trait in the control plots.

We also tested differences in treatment effects

on species composition between the following

groups using MRPP: plots established before

treatment in 2003 versus post-treatment in 2004,

time since treatment (1 yr or 2), and mastication

versus HPB. These analyses used the matrix of

treatment control differences in species abun-
dances, from which we deleted all woody taxa,

resulting in 208 taxa for 25 pairs of plots. The
relatively even distribution of data in this matrix
made it unnecessary to delete rare species to

reduce skewness or coefficients of variation. The
matrix contained negative numbers, so MRPPs
were based on Euchdean distances (McCune and
Grace 2002).

Ejfect of treatment on Ceanothus. We tested

for differences in abundances of Ceanothus life

stages collectively between the two treatments

and between years since treatment using MRPP
on treated plots only, and for differences in

abundance of each individual stage between
treatments and controls using a two-sample t-

test. We compared within-pair differences in

abundance of each Ceanothus stage (treated plots

minus paired controls) between years since

treatment and between treatment types using

two-sample t-tests.

Fu-e rings of HPB treatment. We tested for

differences in the species composition of fire rings

between the first year and the second year after

burning, and between the two ages ofHPB treated

plots in their entirety using MRPP (Sorenson

distance; McCune and Grace 2002). All species

were retained to better represent species richness.

We also compared the average proportions of

species by trait found in the two ages of fire rings

and their associated treatment plots.

We used Indicator Species Analysis (ISA;

Dufrene and Legendre 1997) to look at species

differences between the two ages of fire rings, and
the two ages of HPB plots. ISA produces
indicator values that combine relative abundance
and relative frequency of each species by group to

represent faithfulness and exclusivity to that

group. A Monte Carlo test of 1000 randomiza-
tions (McCune and Grace 2002) was used to test

the significance of species indicator values.

Results

Pair members established pre-treatment in

2003 did not differ in species composition before

treatment (blocked MRPP: P = 0.175; Sikes

2005). In 2004, after treatments had occurred, the

average species richness per plot (alpha diversity)

was 71.8, and beta diversity (the total number of

species in all plots/a/pha) was 3.19. Species

richness was greater by an average of 4.2 species

in treatment plots than in control plots (P =
0.039, one-sample t-test on differences between
matched treatment and control plots in 2004;

95% confidence interval from 0.2 to 8.2 species).

In addition, treated plots had greater mean
species abundance compared to control plots,

averaging an increase in abundance for 5.6

species (P = 0.017, one sample t-test; 95%
confidence interval from 1.1 to 10.2 species).

There was significantly more cover of woody
debris in both types of treatment plots than in

control plots (P = 0.001, one-sample t-test on
treatment minus control); the mean cover class

for control plots was 0.96 (almost all with <10%
cover woody debris) and 1.36 for treated plots

(with about one third recorded as 10-25% cover

of woody debris). No other abiotic plot attributes

differed significantly after treatment.
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Fig. 3. Change in species traits for "hand cut, pile, and burn" (HPB) treatment and control pairs 1 and 2 yr since

treatment. Bars show average number of species that increased or decreased in abundance between treatment and
control plots by trait, with standard errors. See Table 2 for means across years and the percentage change by
trait group.

Treatment Effect on Species Composition

After treatments were applied, herbaceous
plant communities differed (P < 0.05) between
treatments and controls when all treatments were
compared to all controls (blocked MRPP on 48

plots; Table 1). The species composition of the

HPB-treated plots also differed from their

controls, whereas the mastication treatment plots

and controls did not differ (Table 1). This

difference in results between treatment types

indicates that the HPB treatment, in the short

teiTn, had a greater effect on species composition

than did mastication. In all cases, however, the

effect sizes were modest, as judged by small

measures of within-group agreement (A).

When treatments and controls were grouped
by time since treatment, communities in 1-yr-

since-treatment plots differed from their controls,

while the 2-yr-since-treatment plots did not

(Table 1). Within each treatment type, commu-
nities also differed between treatment and con-

trols 1 yr after treatment, while neither differed

2 yr post-treatment (Table 1). These results

suggest that treatment effects on community
composition were greatest immediately after

treatment.

Differences in species abundance between
matched treatment and control plots in 2004
provided a measure of community composition

change presumably due to treatment. Pairs

established in 2003 versus 2004 did not differ in

overall species composition changes (MRPP on
matrix of treatment-control differences: A =
0.002, P = 0.206), indicating that results were

not affected by whether plot establishment

occurred before or after treatment. Species

composition changes also did not differ between

pairs grouped by treatment type (MRPP: A =
0.002, P = 0.223). There were, however, signif-

icant differences in composition changes between

pairs sampled 1 yr versus 2 yr post-treatment

(MRPP: A = 0.008, P = 0.015).

The HPB treatment resulted in larger increases

in species richness and abundance than did the

mastication treatment (Figs. 3, 4; Table 2). Spe-

cies abundance in all trait groups except trees was
greater in HPB treated plots across years than in

untreated plots (Fig. 3, Table 2). Compared to

mastication, the HPB treatment caused signifi-

cantly greater increases in abundance of native

weeds and shrubs (P < 0.018, df = 23, two-

sample t-test). An increase in shrub abundance
after treatment that removed shrubs was possible

due to seedling recruitment post-treatment. Both

treatments tended to favor annuals more than

perennials. Differences between responses of non-

natives and natives were not as pronounced.

When differences were separated by time since

treatment, the 1 yr since treatment pairs generally
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Fig. 4. Change in species traits for mastication treatment and control pairs 1 and 2 yr since treatment. Bars show
average number of species that increased or decreased in abundance between treatment and control plots by trait,

with standard errors. See Table 2 for means across years and the percentage change by trait group.

showed greater increases in species abundance
than did the 2 yr since treatment pairs (Figs. 3, 4;

Table 2). More graminoids, trees, perennials, and
natives had increased abundance in treated

relative to untreated plots 1 yr after treatment

than did those groups in plots sampled 2 yr post-

treatment (P < 0.05 by two-sample t-test). Of
these trait groups, all but graminoids were less

abundant in treated than in untreated plots 2 yr

after treatment.

While species richness increased in the first

year after fuel treatments, there were fewer

species in treated than in control plots after

2 yr. For first year plots, the average species

richness was 74.1 species in treated plots and 62.5

species in the controls. In second year plots, the

Table 2. Changes in Numbers of Species per Trait Group by Treatment Type, Across Years Since
Treatment, Expressed as the Mean Number of Species that Increased or Decreased (Treatment
Minus Control; as Shown in Figs. 3, 4). The percentage change in the trait group is calculated as the mean
change in species divided by the average number of species for that trait in the control plots.

Trait group

Hand, pile, and burn Mastication

Species

differed

Percent change in trait

group
Species

differed

Percent change in trait

group

Forbs 5.5 10.9 1.3 2.5

Graminoids 3.5 22.3 1.6 11.9

Shrubs 0.6 23.8 -1.0 -32.4
Trees -0.4 -27.1 -0.2 -28.6
Annuals 6.8 14.7 2.7 5.7

Perennials 1.9 9.9 0.0 0.0

Non-natives 2.0 12.6 0.3 2.1

Natives 7.2 13.6 1.3 2.6

Weedy plants 4.5 17.6 0.3 0.9

Native weeds 2.5 25.8 -0.4 -3.4
Non-native weeds 1.8 12.4 0.6 4.0

Special status 0.0 0.0 0.4 100.0
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Table 3. Indicator Values (IV) for Species in Percentage of Perfect Indication for Second Year
Fire Rings. Perfect indication (100%) occurs when the species is always present in that group and never occurs in

other groups. Only statistically significant indicator species are listed (P < 0.05). Boldface indicates non-
native species.

Annuals, not noted as weedy IV Weedy annuals IV

Agoseris heterophyUa (Nutt.) Greene (Asteraceae) 66.7 Aira caryophyllea L. (Poaceae) 48.9

Cardamine oligospenmi Nutt. (Brassicaceae) 42.9 Bromus japoniciis Thunb. ex Murr. 38.1

(Poaceae)

Chirkia purpurea ssp. cpiadrivulnera (Dougl. ex 34.6 Bromus tectoriim L. (Poaceae) 33.3

Lindl.) H.F. & M.E. Lewis (Onagraceae)

Cryptantha torreycma (Gray) Greene 28.6 Cerastium glomeratum Thuill. 33.3

(Boraginaceae) (Caryophyllaceae)

Madia exigua (Sm.) Gray (Asteraceae) 39.7 Galium L. spp. (Rubiaceae) 76.2

Linauthus bico/or (Nutt.) Greene (Polemoniaceae) 37.0 Epilobiuni L. spp. (Onagraceae) 85.7

Madia Molina spp. (Asteraceae) 38.1 Gastridium ventvicosum (Gouan) Schinz & 42.9

Thellung (Poaceae)

Phlox gracilis (Hook.) Greene (Polemoniaceae) 28.6 Lactuca sevriola L. (Asteraceae) 28.6

Lotus liumistratus Greene (Fabaceae) 33.3

Myosotis discolor Pers. (Boraginaceae) 28.6

Veronica L. spp. (Scrophulariaceae) 29.6

Vulpia myuros (L.) K.C. Gmel. (Poaceae) 47.6

average was 73.6 species per plot in treated plots

and 76.0 species for controls. This difference in

species richness between treatment and control of

the time-since-treatment groups was statistically

significant (P = 0.004, df = 23, two-sample t-

test). The mean change in species richness was
10.5 species greater in the first year than in the

second (95% confidence interval from 3.7 to 17.3

species). When the year-since-treatment groups
were further divided into their treatment groups,

we found that species richness was more reduced

in the second year after mastication than in the

corresponding year after HPB treatment. In fact,

2 yr after treatment, the HPB treated plots

supported more species than their control plots.

The same trends are visible in the number of

species per trait that changed in abundance
(Figs. 3, 4; Table 2).

Effect of Treatment on Ceanotlius

When all treatments were compared to all

controls, seedlings were significantly more abun-
dant in treatments (P = 0.024, two-sample t-test).

However, the abundance of immature Cecmothus
did not differ between treatments and controls (P
= 0.19, two-sample t-test across treatment types

and years). Comparing within-pair differences,

uncut mature Ceanotlius were substantially less

abundant after treatment (see Fig. 2), as was
cover of standing dead Ceanotlius (both P <
0.001, one-sample t-test). The combined life

stages of Ceanothus were less abundant after

treatment (P = 0.030, one-sample t-test).

Abundances of Ceanothus life stages in treated

plots differed between years since treatment

(MRPP: A = 0.068, P = 0.004), but not between
the treatment types (MRPP: A = 0.021, P =
0.129). The abundance of the species across

stages was more reduced by mastication than by
the HPB treatment (P = 0.050, two-sample t-test

comparing within-pair differences). The within-

pair difference in the abundance of immature
Ceanothus was greater in the second year than in

the first year after treatment (P = 0.003, two-

sample t-test); abundance of this life stage was
reduced in year one, but in year two, immatures
were more abundant in treated than in untreated

plots. Other life stages did not differ significantly

in their within-pair difference between years-

since-treatment nor treatment types.

Fire Rings of HPB Treatment

Eighty-nine species were recorded in fire rings,

despite their relatively small area, which was
about half of the 184 species found in the

associated HPB treatment plots. Species compo-
sition in fire rings differed between 1 yr and 2 yr

post-treatment groups (MRPP: A = 0.108, P <
0.001). Only one species was a significant

indicator for first year fire rings: Brodiaea elegans

Hoover (Liliaceae), a native perennial geophyte

(ISA: IV = 50.0). Twenty species were significant

indicators for second year fire rings. All of these

were annuals, most were weedy, and about half

were non-native (Table 3).

Species composition and abundance in the

HPB treatment plots in entirety also differed

between the 1 yr and 2 yr since treatment groups

(MRPP: A = 0.082, P = 0.005). Twelve species

were significant indicators for one of the two
groups (Table 4). Only five were annuals, and
only two of these were considered weedy
{Myosotis discolor Pers., Boraginaceae; Trifolium

wildenowii Spreng., Fabaceae). The non-native

Myosotis was the only species that indicated both

fire rings and HPB treatment plots.
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Table 4. Indicator Values (IV) for Species in Percentage of Perfect Indication for "Hand Cut,
Pile, and Burn" (HPB) Treatment Plots by Year Since Treatment. Perfect indication (100%) occurs when
the species is always present in that group and never occurs in other groups. Only statistically significant indicator

species are listed (P < 0.05). Boldface indicates non-native species.

1 \/r Qinr*f* trp^itmptit1 yi i3lllV-/C LlCdLlllClll IV z. yi siin^c 11 cciLiiiciiL 1 V

Clarkia gracilis (Piper) A. Nels. & J.F. Macbr. 76.9 Agoseris grandiflora (Nutt.) Greene 100.0

(Onagraceae) (Asteraceae)

Elynnis elymoides (Raf.) Swezey (Poaceae) 68.0 Calochortus tolmiei Hook. & Arn. 81.8

(Liliaceae)

Lojuatium utricukitum (Nutt. ex Torr. & Gray) 82.6 Galiimi porrigens Dempster (Rubiaceae) 100.0

Coult. & Rose (Apiaceae)

Myosotis discolor Pers. (Boraginaceae) 76.5 Hesperolinon micrantlnuu (Gray) Small 61.2

(Linaceae)

Plagiohothrys cognatus (Greene) I.M. Johnston 71.4 Horkelia daucifolia (Greene) Rydb. 85.7

(Boraginaceae) (Rosaceae)

Poa secimda J. Presl. (Poaceae) 75.0

Trifo/iimi willdenowii Spreng. (Fabaceae) 80.0

The age of the fire rings affected the average

number of species present. First year fire rings

averaged 3.2 species per 0.25 m- plot, while

second year rings averaged 14.2 species. The
average abundance value per species was LI in

the first year, indicating that almost all species

were represented by only 1-3 individuals. The
average abundance class was 1.5 in second year

fire rings, which corresponds to half of the

species having 1-3 individuals and half having
4-10. The HPB treatment plots in entirety, with

200 times the area of the fire ring plots,

supported an average of 77.6 species per plot,

with an average abundance value of 2.5; most
species were represented by more than 10

individuals.

First year fire rings had significantly fewer

species in all trait groups except shrubs and
perennials than did second year fire rings (P <
0.001, two-sample t-test). In contrast, native

weeds was the only trait group for which species

numbers differed significantly between years in

HPB treatment plots overall (P = 0.013, two-
sample t-test). There was an average of 3.7 more
native weed species in 1 yr than in 2 yr since

treatment plots (95% confidence interval between
1.0 and 6.5 species). Since the proportions of
species representing various trait groups did not
differ appreciably between years since treatment,

we combined ages for HPB treatment plots

overall for comparisons with fire rings.

In HPB treatment plots overall, the herbaceous
species were mostly annuals (70.6%). First year
fire rings, however, had shghtly more perennials

than annuals (56% versus 44%); most appeared
to have resprouted after the fire. Very little

colonization of the newly open area had occurred
by year one. In the second year fire rings, 94.8%
of the species were annuals. The higher propor-
tion of annual species and greater species richness

in year two indicate that more colonization had
occurred after two years.

The proportion of native weeds, compared to

the sum of non-native weeds and non-weedy
plants, was similar in the two ages of fire rings

and HPB treatment plots overall, ranging be-

tween 15.2 and 17.3% of the species present. The
proportions of non-native weeds, however, varied

strikingly among these plot types. There were
comparatively few non-native weeds in the first

year fire rings (6.1%), but non-native weed
species increased to twice the number of native

weeds in the second year, accounting for 35.3% of
the species present. The HPB treatment plots

showed an intermediate proportion of non-native

weeds (20.8% of the species present).

Several species occurred in only one of three

situations: fire rings, HPB treatments, or HPB
controls. Even species that appeared to be
stimulated by fire, however, such as Ceanothus
seedlings, were present in control plots as well as

in treated areas. Three species occurred in more
than one HPB plot but not in any control plots,

and all of these grew in association with burn
piles. One of them, Lactiica serriola L. (Aster-

aceae), an annual non-native weed, was an
indicator species for the second year fire rings

(Table 3). The other two species are native

annuals, Stephcmomeria virgata Benth. (Astera-

ceae) and Gnaphalium palustre Nutt. (Astera-

ceae). Though only Gnaphaliwu was categorized

as weedy, Stephcmomeria is a composite with

wind-dispersed seeds.

Discussion

The pre-treatment and control plots did not

differ significantly in species composition (Sikes

2005), thus post-treatment differences between
treatment and control can most probably be

interpreted as treatment effects. The short term
treatment effects on the herbaceous community
that we detected were generally small. Other
factors, such as presence of oak canopy, had a
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stronger influence on species composition than

did treatment (Sikes 2005). Both oaks and
Ceanothus provided important habitat for natives

and perennials. While open areas were dominated
by non-native annual grasses such as Tae-

niatherum capiit-medusae (L.) Nevski (Poaceae),

they also supported several native annuals that

are of special interest to the BLM including

Navarettia subuligera Greene (Polemoniaceae)

and Pkigiobotlirys greenei (Gray) I.M. Johnston
(Boraginaceae).

While treatment-induced differences in herba-

ceous plant communities were smaller than
expected, given the dramatic reductions in shrub
cover, communities in treated areas did differ

from those in controls. Treatment effects were
larger for HPB than for mastication treatments,

in general, and also tended to be stronger in the

first year after treatment than in the second year.

First year communities of both treatments

differed from controls, while communities did

not differ in the second post-treatment year of

either treatment. The lack of mastication treat-

ment effects across years probably occurred

because the general increase of species abundance
in the first year after mastication was counter-

balanced by a general decrease in the second year.

In general, the effect of time since treatment

was stronger than the effect of treatment type.

Taking all species composition differences be-

tween matched treatment and control plots into

account, we found that the two types of fuel

treatment did not differ, consistent with commu-
nity responses 4 to 7 yr after treatment in a

nearby study area (Perchemlides et al. 2008),

while the year-since-treatment groups did differ.

These findings parallel those for comparisons
between trait group abundances, in which twice

as many trait groups differed by time since

treatment as by treatment type.

There was a general increase in plant species

abundance and species richness with treatment,

with the exception that both were lower in treated

areas than in controls 2 yr after mastication.

Overall shrub abundance did not differ between
treatments and controls across treatment types,

even though shrubs were targeted for reduction.

While Ceanothus abundance across all life stages

was significantly decreased after treatment, the

effect was smaller than anticipated because of the

survival of some cut stems and an increase in

Ceanothus seedlings with treatment. Fuel treat-

ments encouraged regeneration, even in the

absence of fire, and it appears that the reduction

of standing fuel will be short-lived. Ceanothus
species can revert to closed crowns within five to

seven years after mechanical brush clearing

(Green 1977), and even young chaparral can
burn readily under some wildfire conditions (e.g.,

Fried et al. 2004; Keeley and Fotheringham
2001b; Moritz et al. 2004). Overall shrub

abundance was also affected by the occurrence
of species other than Ceanothus. Other shrub
species either were not removed because of low
density or tended to resprout vigorously. Woody
species that appeared to resprout without fail

after cutting included Toxicodendron diversilobum

(Torr. & Gray) Greene (Anacardiaceae), Quercus
garryana, Amelanchier ab^ifoha (Nutt.) Nutt. ex

M. Roemer (Rosaceae), and Pnmus subcordata

Benth. (Rosaceae). Rapid restoration of a shrub
canopy following treatment, while perhaps unde-
sirable from a fuel management perspective, can
significantly decrease the likelihood that exotic

species presence and abundance will increase

post-treatment (Keeley et al. 2005a, b).

The HPB treatment caused a general increase

in shrub abundance, while mastication decreased

them. Abundance of Ceanothus, in particular,

was apparently more reduced by mastication

than by the HPB treatment. The fire rings of the

HPB treatment were responsible for this differ-

ence between treatment types. Though Ceanothus
seedlings occurred in most plots, whether control

or treatment, their affinity for burned areas was
evident, and resulted in greater differences in

seedling abundance between treatment and con-

trol in HPB than in mastication treatments.

Previous work has emphasized that C cuneatus

is an obligate seeder that generally requires fire

for seedling estabUshment and will not resprout

after fire (e.g., Keeley 1992a). Therefore, it was
unexpected to find so many Ceanothus seedlings

outside of the fire rings and in control plots where
disturbance was minimal. Seed dormancy in C.

cuneatus is due to a hard impermeable seed coat

that may be cracked by the heat of fire or by
scarification (mechanical breakage; Keeley 1991).

The seed coat may also deteriorate with time to

allow germination (Quick and Quick 1961). In

addition, some fraction of seed produced by fire-

recruiting species, including Ceanothus species,

often lacks dormancy (Keeley 1991). These
alternative situations, which allow germination

of Ceanothus in the absence of fire, appeared to

be in operation throughout our study area,

consistent with reports of C. cuneatus seedlings

and immatures being found 4 to 7 yr after HPB
or mastication treatments in a nearby study area

(Perchemlides et al. 2008).

Because Ceanothus seedlings were generally

more abundant in mastication treatments than in

controls, it appears that the treatment may have

increased germination, perhaps by scarifying seed

or improving microhabitats. A congener, C.

greggii, showed increased germination a year

following the clipping of standing chaparral at

about 10 cm from the ground (Moreno and
Oechel 1991). Though often described as having

no substantial germination in the absence of fire,

in a previously disturbed site that was quite open
and invaded by exotic annual grasses, Keeley
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(1992b) found both seedlings and uneven-aged

shrubs of C. cimeatus.

The other species trait group that was signif-

icantly more abundant in HPB treatments than in

mastication treatments was native weeds. An
average of 26% of native weed species increased

in HPB treatments relative to controls, while the

corresponding change was a 3% decrease in

mastication plots. Native weeds was the only

trait group for which significantly more species

were present in HPB plots in the first year after

treatment than the second, even though only one
of seven indicator species for first year HPB
treatments (versus second year) was a native

weed, Trifoliwn willdenowii. The proportion of

native weeds was not greater in fire rings than in

the larger treatment plot, so fire rings were not

responsible for the difference between treatments.

In fact, only 2 of the 20 indicator species of

second year fire rings were native weeds, Epilo-

hiimi L. spp. (Onagraceae) and Lotus Inunistratus

Greene (Fabaceae).

Weedy plants would be expected to increase

after either type of treatment, especially in the

first year, because of the availability of newly
exposed sites for establishment. Although treat-

ment types did not differ in overall cover of bare

ground or woody debris (Sikes 2005), treatment-

specific differences in the distribution of woody
debris could help explain the difference in native

weed abundance between treatment types. Mas-
tication leaves pieces of debris distributed fairly

evenly over the area, perhaps inhibiting seed

germination or seedling establishment, while

HPB leaves debris massed at the edge of burn
piles. Another difference between the two treat-

ments that might affect native weed success is

degree of soil disturbance. Both mastication and
HPB treatments cause disturbance, but mastica-

tion causes some areas to be compacted by the

treads of heavy equipment and leaves other areas

of soil undisturbed. HPB treatment lightly

compacts and disturbs most areas of the soil

with foot traffic.

The larger increases in species abundance for

treated plots compared to controls in the first

year versus the second year after treatment may
reflect an initial pulse of resource availability. In

the first year, more light and resources were
newly available, so the ground layer responded
accordingly. Disproportionately large increases

might be expected for weedy plants, since they

specialize in colonizing new and disturbed
habitats. However, the weedy trait groups were
not significantly more abundant in the first year
than the second year, and their percentage
changes were not large compared to those for

other trait groups. These findings contrast with
other studies, perhaps due to the already
abundant weed presence in our sites prior to

treatment. For example, weedy and exotic plants

were more abundant on fuel breaks than on
adjacent untreated areas throughout California

(Merriam et al. 2006). Indeed, four to seven years

after treatment, cover by exotic annual grasses

was nearly twice as high on masticated or HPB
treated sites compared to controls in a chaparral

study area within the same BLM district (Perch-

emlides 2006; Perchemlides et al. 2008).

The fire rings that result from HPB treatment

deserve individual consideration. The footprints

of burn piles provide sites for invasive or weedy
plants to establish (Korb et al. 2004). Though
previous research has focused on larger slash piles

that result from forest thinning operations, the

principles invoked in those cases also apply in our
situation. Human-condensed fuel piles can burn
at higher temperatures or over a longer period

than most naturally occurring fuel loads, result-

ing in increased soil heating and greater damage
to biotic and abiotic soil properties. Long
duration soil heating causes more damage than
shorter duration heating (DeBano et al. 1979).

Prolonged heating is also associated with the

burning of deep accumulations of masticated

wood residues (Busse et al. 2005), either in

prescribed burns or with unintended wildfire.

Increased damage may take the form of greater

water repellency (e.g., MacDonald and Huffman
2004), altered soil chemistry and structure (Shea

1993), seed mortality, and mycorrhizal steriliza-

tion (Korb et al. 2004).

Natural fires usually occur under dry condi-

tions rather than in the moist conditions that are

purposely chosen for burning piles to reduce fire

danger. Burn season has complex influences on
soils and biota (e.g., Knapp et al. 2007). For
example, while moist soil can reduce many
impacts of heating during fire, damage to soil

micro-organisms can be increased in moist soils

(DeBano et al. 1979; Busse et al. 2005; but see

Smith et al. 2004) and seed germination of some
chaparral species is decreased under moist as

compared to dry heat (LeFer and Parker 2005).

These factors, coupled with seasonal differences

in availability of native and exotic species seed,

indicate that differences in timing of pile burning
could affect post-treatment responses of the plant

communities.

Some factors relevant to fire effects are unique
to the chaparral ecosystem. Waxy-leaved shrub-

lands are especially susceptible to post-fire water

repellency of soil, because of hydrophobic
substances produced by chaparral plants

(Beschta et al. 2004). Chaparral has a thinner

litter layer than forests and therefore soils are less

insulated from heat (DeBano et al. 1979). In

addition, shrubland wildfires often produce
higher soil temperatures than forest fires because

of their low, single stratum stature (Christensen

1985). Therefore burn pile temperatures in

chaparral may be closer to naturally occurring
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temperatures than would be the case in a forest

system, although, even in chaparral, it is not

likely that natural conditions would produce such

concentrated fuel loads and resultant heat, or

heating of as long duration, as occur in burn
piles. In standing chaparral, seed recruitment

after an autumn fire tends to be concentrated in

areas that were gaps in the pre-burn vegetation,

reflecting the high temperatures that occur in

relatively dense areas of vegetation (Odion and
Davis 2000).

Though Cecmothus germination was promoted
in the fire rings, soil temperatures may have been

higher than those occurring during wildfires.

Occasional Cecmothus (C. cuneatiis var. fascicu-

laris) and Arctostaphylos seedlings occurred in the

highest fire intensity areas in a chaparral system,

whereas no other taxa germinated or resprouted

at those temperatures (Odion and Davis 2000).

Cecmothus greggii showed increased germination

when fuel loads were moderately increased in a

chaparral stand, and its germination was similar

to that occurring under normal fuel load when
fuels were greatly enhanced (Moreno and Oechel

1991). Reactions to changes in fuel load varied by
species, but the majority of chaparral species

present showed decreased seedling production

with increased fire intensity (Moreno and Oechel

1991). Without the diversity of fire intensity

inherent in a fire through standing chaparral, in

which soil temperatures range from slightly

heated to severely heated over the landscape,

species diversity is likely to be reduced.

The indicator species of the second year fire

rings were mostly weedy and half of the species

were non-native. The fact that most of the

indicators for the associated HPB treatment plots

were native perennials demonstrates the radical

difference between the environments of the fire

rings and the surrounding treatment area. Many
seeds in the seed bank were likely killed by high

soil temperatures under the burning piles. The
plants that occur in the fire rings tend to be
species whose underground tissues can withstand

high temperatures and prolonged heating or

colonizers that are efficient dispersers. It is

apparent that many non-native species succeed

as colonizers of these open sites. Several species

that have been noted as having fire cue-stimulat-

ed germination were present in the vicinity of fire

rings, including Arctostaphylos viscida (Fried et

al. 2004), Toxicodendron diversilobum, C cunect-

tus, Gilia capitatci Sims (Polemoniaceae), Steplia-

nomeria virgata, Clarkia purpurea (Curt.) A.
Nelson & J.F. Macbr. (Onagraceae; Keeley

1991), Trifolium microcepha/um Pursh (Faba-

ceae), and Juncus bufonius L. (Juncaceae; Odion
2000). For Cecmothus and Stephanomeria, the

association with fire rings was particularly

evident, as discussed previously. Other genera

present in the vicinity of fire rings include species

that have been noted as post-fire recruiters,

including Calystegia, Lotus, Cryptantha, Gnapha-
lium, Gahum, Collinsia (Keeley 1991), and Na-
varretia (Odion 2000).

The changes in proportion of species by trait

across years in fire rings give an interesting

snapshot of fire ring colonization, showing
increased domination by annuals and introduced

weeds over the two years. The proportions of

species attributes in the larger associated treat-

ment plot lie between the two extremes of the first

year and second year fire rings' distribution of
species attributes. Longer term studies of succes-

sion in fire rings are needed to determine whether
they provide a locus for enhanced invasion by
such species into the surrounding area or they

eventually return to a similar species composition

as their environs.

Conclusion

This study did not show a large effect of fuel

treatments on herbaceous plant communities in

the short term, though vegetation structure was
altered by removing or redistributing woody
biomass. Fuel treatments may have caused
relatively little community alteration because of

a history of disturbance and the already extensive

occurrence of introduced species in our study site.

Alternatively, our relatively coarse abundance
data may have been insufficiently detailed to

detect changes that occurred.

Both fuel treatments increased species richness

initially, probably because both caused distur-

bance and increased resource availability. The
greatest effect was detected in the first year after

treatment. By the second year species abundance
was generally lower in the mastication treatment

plots than in associated controls. In the HPB
treatment, species abundance was lower in the

second year than the first year, but was still

higher than in their controls.

The effects of treatment on overall species

composition were stronger for the HPB treatment

than the mastication treatment. The primary

factor responsible for the difference between the

two treatments appeared to be the fire rings that

remain after piles are burned in the HPB
treatment. Though soil heating is likely greater

or longer lasting under the burn piles than it

would be during a chaparral fire, this treatment

introduces the element of fire into a community
that is adapted to it, and it may allow fire-

adapted species in the community to persist.

It is likely that factors beyond the presence of

fire rings contributed to the differential effects of

the two treatments. Levels of soil disturbance and
distribution of woody debris are markedly
different in the two treatments, and these factors

should influence species composition. However,
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the importance of these factors cannot be

assessed based on the data that we collected.

With the evidence at hand, it appears that

neither fuels reduction treatment is a definite

detriment to the plant community over the one to

two year post-treatment period we studied. Short

term data suggest that the HPB treatment may
lead to an increase in weedy and non-native

species. At the same time, however, it may
increase native diversity by promoting species

with fire-cued germination. In contrast, the

mastication treatment appears to reduce species

diversity. Both treatments tended to promote
Cecmotlms germination, and rapid recovery of a

shrub canopy is likely to reduce abundance of

weedy and non-native species over time (Keeley

et al. 2005a). With patchy application, both

treatments will increase the heterogeneity of the

overall northern chaparral community in the

absence of wildfire.

Our results do not lead to a clear recommen-
dation concerning future management of chap-

arral fuels in southwestern Oregon. Further

monitoring will increase our understanding of

the longer term effects of these fuel treatments on
plant communities. In the meantime, managers
should be aware of the potential negative effects

that are linked to either treatment.
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Abstract

In response to conservation concerns, the reproductive biology of the San Fernando Valley

Spineflower was investigated, focusing on pollination interactions and seed germination. Pollination

by a variety of aerial visitors, as well as autogamy (a facultative selfer, showing about 25% selfmg),

appear to contribute significantly to fruit/seed set. There was a significant correlation between the

numerous different floral visitors (many went uncollected) and the invertebrate fauna in the

immediately surrounding coastal sage scrub community indicating that this taxon is visited by a

substantial variety of potential pollinators and is probably not pollinator-limited. Although there were
many potential pollinators, only six species, including three species of ants, made up the vast majority

of visits to the flowers at the two study sites. Many of the invertebrate visitors to the flowers of the San
Fernando Valley Spineflower exhibited a high rate of constancy. An overall generalist strategy is

suggested. Seed set was high and a germination rate of over 70% occurred without pre-treatment.

Key Words: Ants, Chorizanthe parry i var. fenmnditia, floral constancy, generalist pollination strategy,

mixed mating, pollination biology, Polygonaceae, San Fernando Valley Spineflower, selfing.

The present study investigated a variety of the

factors associated with the reproductive biology

of Chorizanthe parryi S. Watson var. fernandina

(S. Watson) Jepson, the San Fernando Valley

Spineflower (SFVS), an herbaceous low-growing
annual thought to be extinct (Hickman 1993)

until its 1999 rediscovery on the Ahmanson
Ranch in Ventura County, Cahfornia. Subse-

quently, it was found on the Newhall Ranch,
17 mi northeast of the Ahmanson Ranch, in Los
Angeles County (Cahfornia Natural Diversity

Database 2001). Although the Ahmanson Ranch
and the Newhall Ranch both support large

populations of the SFVS, fewer than 20 acres of
habitat at the Ahmanson Ranch (Meyer 2003)
and no more than 25 acres at the Newhall Ranch
are known to support this species (Mary Meyer,
personal communication, California Department
of Fish and Game). Therefore, a total of not
more than 45 acres of habitat currently exist (at

least have been discovered) where this species still

can be found.

Historically, this taxon is reported to have had
a much larger range extending from Lake
Elizabeth in Los Angeles County to near Del
Mar in San Diego County (Munz and Keck 1959;

Glenn Lukos Associates, Inc. 1999; Jones et al.

' Author of correspondence, cejones@fullerton.edu
-Current address: School of Life Sciences, Arizona

State University, P.O. Box 874501, Tempe, AZ 85287-
4501

2002). Currently, it is designated as a List IB.l

plant (Rare, Threatened, or Endangered in

Cahfornia or Elsewhere; seriously endangered in

California) by the California Native Plant Society

and is State-hsted Endangered (CNPS 2001) and
a Federal candidate for similar listing (CNPS
2005). Knowledge of the reproductive biology of

a rare plant is often critical to any management
plan developed to ensure the long-term survival

of that species (Kearns and Inouye 1997). Such
studies involve a detailed analysis of all aspects of

plant reproductive biology, including the breed-

ing system, pollination interactions, fruit/seed set,

dispersal and germination, growth and survival,

etc. (Kearns and Inouye 1993).

Following the rediscovery of the SFVS on the

Ahmanson Ranch, a series of surveys and
directed research activities were undertaken to

determine the size and extent of the on-site

populations, any off-site occurrences, and factors

important to its survival. These initial studies

were reported in Sapphos Environmental, Inc.

(2001), which also includes a summary of the

known information regarding the pollination

biology of this plant. On the basis of an
apparently abundant seed set and a brief field

observation in 1999, C. E. Jones suggested

pollinators were probably not limiting the repro-

duction of this species. The current study was
then developed to address systematically the

reproductive factors of pollination interactions

and germination success.
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Fig. 1. San Fernando Valley Spineflower at the

Ahmanson Ranch, Ventura Co., California. Photo by
Bob Allen.

Scope of Study

Given the importance of reproductive biology

to the survival of endangered plant species

(Harper 1979), this study was designed to initiate

an information database addressing the repro-

ductive biology of the SFVS. The specific

hypotheses examined are as follows:

1) The SFVS is pollinated by a variety of

invertebrate pollinators.

2) Seed-set in the SFVS is not pollinator

limited.

3) The SFVS has visitors that demonstrate a

high degree of constancy.

4) The SFVS is a facultative selfer.

5) SFVS seed germinates readily without
special treatment.

Materials and Methods

Plant Species

The SFVS occurs primarily in dry, sandy
places within coastal scrub communities at

elevations below 350 m (Munz and Keck 1959).

Reveal (1989) has described the SFVS as

occurring between about 215 and 335 m, a

somewhat narrower range than that listed for

C. p. var. parryi (90-350 m).

Stems of the SFVS spread more or less

horizontally from the base to form a low, flat-

topped, grayish plant 0.2-0.8 (1) dm high and
0.5-4 (6) dm across (Jepson 1925; Reveal 1989;

Fig. 1). Leaves are mostly basal, 0.5-2.5 (4) cm
long, oblanceolate to oblong, and canescent

(Jepson 1925; Reveal 1989; Hickman 1993). The
predominantly sessile, single-flowered involucres

are more or less openly distributed in small

clusters (Munz and Keck 1959) at branchlet ends

(Jepson 1925) and are urn-shaped, 1.5-2 mm
long, grayish pubescent, bearing six bracts and
three awns (Reveal 1989). In the SFVS, these

involucral awns are straight rather than hooked,
a trait that distinguishes C. p. var. fernandina
from the more widely distributed C. p. var. parryi

(Reveal 1989).

The sessile flowers are 2.5-3 mm long with a

greenish-white tube and 6 white, sparsely hairy

lobes, occurring in two series of 3 (Reveal 1989;

Hickman 1993). Filaments and anthers of the

nine stamens are white (Reveal 1989), whereas
the pollen varies from white to pink. The pollen is

heteromorphic (i.e., pollen wall sculpturing with-

in a single pollen grain varies), a characteristic

found in only eight taxa within the genus (Russell

2003). The significance of such sculpturing is

unknown. The ovary is glabrous (Jepson 1925)

and bears three styles with dry stigmas (Reveal

1989). Nectar is present around the base of the

ovary and between the filaments. The flowers are

protandrous (Taylor-Taft 2003) and are pro-

duced in late spring, April-June (Munz and Keck
1959). The fruit is a brown achene, 2.5-3 mm
long with a 3-angled beak (Reveal 1989). Seeds of

the genus Chorizanthe are reported to contain a

straight embryo and abundant endosperm (Re-

veal 1989). Voucher SFVS specimens were
deposited in the Fay A. MacFadden Herbarium
(MACF) at California State University, Full-

erton, Cahfornia.

Study Sites

Investigations were first carried out in 2001 at

the Ahmanson Ranch, the initial rediscovery site,

located in the southeastern corner of Ventura
County, California (Fig. 2). SFVS populations

are found primarily on the slopes of Laskey Mesa
and in isolated areas on the Mesa itself. Plants

usually occur within open areas free of a

significant number of competing species and are

generally associated with San Andreas soils.

These soils are composed of fine particles, soft

sandstone, and loose sandy gravelly deposits

(Glenn Lukos Associates Inc. 1999).

The specific study locations (GPS coordinates:

34 10.360'N, 118°40.839'W to 34°10.473'N,

1 18 40.277 'W; Fig. 2) were selected because they

contained abundant SFVS. Each site is charac-

terized by having mostly barren soil, surrounded

by coastal sage scrub communities, which are

often substantially invaded by annual Mediterra-

nean grasses and ruderals. Of the five sites

chosen, four occur on southwest-facing slopes

and the fifth occurs nearby on the mesa proper.

Subsequent investigations were completed in

2004 at the Newhall Ranch located in Los
Angeles County, Cahfornia (Fig. 3). The specific

study locations (34°24.743'N, 118 37.786'W to

34 25.975'N, 1 18 35.044'W; Fig. 3) were selected
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Fig. 2. Approximate locations of study sites on Laskey Mesa, Ahmanson Ranch. Aerial map for this figure

provided by Terraserver/Globexplorer, (copyright 2005; used with permission).

because they had sufficient numbers of SFVS for

observational requirements. Again, each site is

characterized by supporting sparsely vegetated

areas containing some bare ground and light

litter, surrounded by coastal sage scrub commu-
nities, again with a substantial non-native annual
grass component. Of the areas chosen for study,

site 1 at the Grapevine Mesa is located on a west

facing slope, site 2 at Airport Mesa is on a

southwest facing slope, and site 3 at the Magic
Mountain area is on a southeastern facing slope

(Fig. 3).

Dawn-to-Dusk Observations

Ahmanson Ranch. Limited pollinator availabil-

ity has proven to be a problem in some arid zone
rare plants. To determine if pollinators are

limiting reproductive success in the SFVS, we
examined pollinator behavior, diversity, and the

relative importance of each of the major pollina-

tor groups by employing a series of dawn-to-dusk
surveys that were conducted during the early

(from 20 April through 22 April 2001), mid- (4

May through 6 May 2001) and late (18 May
through 20 May 2001) bloom of the SFVS at

three separate study sites (1,2, and 4; Fig. 2) on
the slopes of Laskey Mesa, Ahmanson Ranch. A
total of 126 hr of dawn to dusk observations were
completed during three observation periods
(42 hr each during the early, mid and late

seasons).

For the purposes of this study, early bloom is

defined as the time when approximately 25% of
the SFVS plants were in flower, mid-bloom as

the time when at least 50% of the SFVS plants

were in flower, and late bloom as the time when
approximately 75% of the SFVS plants had
completed flowering. Dawn-to-dusk means
that the possible pollinators visiting SFVS
plants were observed during at least 10 min
out of each hour beginning on the hour after

sun up and continuing throughout the day until

50 min after the hour before sun down. Each
survey involved three consecutive days of
observation.

At each of the three study sites, three

subpopulations (e.g., lA, IB, and IC) were
selected on the basis of the ease with which one
person could observe a sizeable number of plants

simultaneously. One observer was assigned to

each of the three separate study sites at the

Ahmanson Ranch and, later, to the three New-
hall Ranch study locations as well. That person

observed and recorded the visitors to the SFVS
plants in the initial subpopulation (e.g., lA)

during the first 10 min of each hour. That same
observer then had 10 min to move to the second

subpopulation ( 1 B) where visitors were observed

and recorded from 20 min after the hour until

half past the hour. Finally, that same observer

then rotated to the third subpopulation (IC) and
repeated the process from 40 min after the hour
until 50 min after the hour.
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Fig. 3. Specific locations of sites investigated on the Newhall Ranch in Los Angeles County. Names for the Study
Sites are: 1—Grapevine Mesa Site, 2—Airport Mesa South Site, and 3—Magic Mountain Site.

For the purposes of this study, a "visitor" was
defined as any organism that actually landed on
and came into contact with the anther(s) and/or

the stigma(s) of the flower. "Visits" were defined

as the number of times that a particular visitor

landed on a SFVS flower and probed that flower

for nectar and/or pollen. Data were subsequently

analyzed in terms of number of visits and visitors.

Diurnal temperatures were measured with a

digital, indoor/outdoor thermometer (Digital

Thermo-Clock, available from Oregon Instru-

ments, P.O. Box 1 190, Cannon Beach, OR 97110).

Newhall Ranch. Subsequently, similar dawn-to-
dusk surveys were completed twice during the

blooming period (from 23 April through 25 April

2004 and 7 May through 9 May 2004) of the

SFVS at three separate study sites at the Newhall
Ranch. These latter observations were conducted
only during the mid- and late-bloom periods of

the SFVS because 2004 was a very dry year (only

about 19.1 cm of rainfall versus 54.6 cm in 2001),

whereas the 95 yr average for this area is

47.3 cm) and many fewer plants were available

for study and because those that were available

flowered earlier and for a shorter period of time

than had the plants at the Ahmanson Ranch in

2001. Based on the results of SFVS investigations

at the Ahmanson Ranch, dawn-to-dusk observa-

tions were conducted at the Newhall Ranch
between the hours of 9:00 a.m. and 7:00 p.m.

(Jones et al. 2002). A total of 90 hr of dawn to

dusk observations were completed during three

observation periods (30 hr each during the early,

mid and late seasons). All other details related to

how the surveys were conducted were identical to

those at the Ahmanson Ranch.

Pollinator Collection and Identification

Ahmanson Ranch. Representative samples of

visitors were collected on 20-22 April and 4-6

and 18-20 May between 10:00 and 17:00.

Sampling was primarily conducted at a different

location (Site 5; see Fig. 2) than those used for

the dawn-to-dusk observations in order to

eliminate the possibility of decreasing polhnator

visitations through collection. Organisms seen

visiting three or more flowers were captured in an
insect net or by using a blowing aspirator and
placed in killing jars charged with ethyl acetate.

Each individual was then placed in a vial with

70% ethyl alcohol.
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Newhall RcmcJi. To determine if there was a

positive association between the invertebrate

community in the vicinity of the SFVS and actual

visitors to the SFVS, thus indicating the extent to

which the SFVS was being visited by the potential

vectors available in the specific area where the

plants were located, we set up a time based

sampling method to capture these potential

pollinators. Individual insects that were on or in

the area of the SFVS were collected using

aspirators and nets. Samples were collected for

a total of 30 person minutes at each site and each

captured individual was placed into a glassine

envelope. Collections were primarily conducted

at a location (subpopulation) near, but not

within, the dawn-to-dusk study subpopulations

at each of the three sites. Again, this was done in

order to eliminate the possibility of decreasing

pollinator visitations as a result of collection. One
sample was collected on April 23rd, three on May
7th, and three on May 8th, 2004. For analysis,

these were pooled for a single site for a single day.

For each insect collected, we noted whether it was
found on or near the SFVS.
We also employed pitfall traps to sample

ground dwelling arthropods. Each trap consisted

of a single 16 oz plastic cup filled with approx-

imately 4 oz of propylene glycol to act as a

preservative. Three traps were placed at each site,

each covered with hardware mesh to prevent the

capture of vertebrates. A single pitfall sample
consisted of approximately 48 h of continuous

trapping (from Friday afternoon until Sunday
afternoon). Pitfall traps were open from the 23rd

until the 25th of April and from the 7th until the

9th of May 2004.

All captured arthropods were identified to

order, morphospecies, (this being essentially a

recognizable taxonomic unit, see Oliver and
Beattie 1993, 1996), or to species, if possible.

Pollen Analysis

Ahmcmson Ranch. Visitors collected for identi-

fication were returned to the laboratory and the

vials shaken to remove pollen from the body
surface. The cap of each vial was removed and
the ethyl alcohol was allowed to evaporate down
to about a single drop. That drop was then placed

on a slide and, following evaporation, cotton blue

(1% aniline blue in lactophenol) was added to

stain the pollen grains. Slides were viewed under
a Leitz compound microscope where an a priori

set minimum of 200 pollen grains were identified

using reference slides. The number of plant

species and pollen grains found on each individ-

ual visitor was used to determine which pollina-

tors carried the pollen of SFVS and how constant

they were to the SFVS. Pollinator constancy was
defined on a percentage basis. The higher the

percentage of one pollen species in a sample, the

more specific that pollinator was to that partic-

ular plant species. For the purpose of this study, a

pollinator was considered to be "constant" when
that pollinator visited a given species at least 95%
of the time during a single foraging flight. All

captured visitors were examined and a determi-

nation was made of the pollen they were carrying.

NcwhaU Ranch. Each visitor captured while

visiting at least three flowers was examined
under a Bausch and Lomb dissecting micro-

scope to see if pollen was present on the visitor

and, if so, where it was located. A 3 cm piece of

double sided Scotch tape with one end cut to a

point. The pointed end was used to pick up any
available pollen from the visitors under the

dissecting scope. Once the pollen had been
transferred from the visitor to the double-sided

tape, the tape was placed on a 7.62 cm x
2.54 cm X 1 mm glass microscope slide. One or

two drops of cotton blue were then added to

stain the pollen grains and the slide allowed to

sit for at least 24 hrs before examination. Slides

were viewed under a Leitz compound micro-

scope and were identified using reference slides

(prepared with known SFVS pollen using the

identical staining technique). Types and num-
bers of pollen grains recovered from each
individual were used to determine which polli-

nators carry the pollen of SFVS and how
constant they were to the SFVS.

Exclusion Experiments

Exclusion or bagging experiments were at

conducted at Ahmanson Ranch at Site 3 (on

the Mesa) to determine whether the SFVS
requires a vector to facihtate the pollination

process and to determine the relative importance

of ants and other crawling insects as pollinators.

The bagging experiments were set up on 7 April

2001 along an old dirt road selected to minimize

possible destruction of SFVS plants since the

experimental design required the use of well-

separated plants. Prior to blooming, 30 plants

were selected haphazardly to serve as controls

(Control 1). Another 30 plants were selected and
surrounded by Tangle-Trap® (Insect Trap Coat-

ing Brand, the Tanglefoot Company, Grand
Rapids, Michigan 49504) to prevent any terres-

trial pollinators from reaching the flowers. This

series, termed "Experimental" (ant free), served

to determine the role of flying versus crawling

insects (primarily ants) as pollinators. A third set

of 30 plants was covered with a wire cage

screened with nylon and secured to the substrate

with U-shaped sections of wire. The base of these

cages was also surrounded with Tangle-Trap®.

This latter series, which excluded both crawling

and flying insects, was used to determine if the

SFVS is self-pollinated and was termed "Self.
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These last two sets of 30 plants (Experimental

and Self) were initially also surrounded by
concentric rings of cinnamon (suggested as an
environmentally friendly barrier) as well as

Tangle-Trap®, with cinnamon on the inner ring.

This practice was abandoned approximately half

way through the experiments since the cinnamon
appeared to be toxic to plant leaves coming into

contact with it.

A final group (fourth set) of 30 representative

plants was selected haphazardly to serve as an
additional (second) set of controls (Control 2).

This set became necessary when it was noted that

the originally selected control plants were some-
what smaller than the two series of experimental

plants. All plants chosen were evenly distributed

along a plot approximately 115 m long by 3 m
wide. Individual plants located more than 8 cm
from the closest SFVS neighbor were chosen for

the self-pollination treatment and the experimen-

tal treatment to allow room for the Tangle-Trap®
layer without having to sacrifice surrounding

plants. Tangle-Trap® was renewed weekly.

After the plants set fruit, they were harvested,

placed in paper bags, and returned to the

laboratory. Fruits were then removed from their

involucres and a minimum of 200 involucres was
sampled from each plant to determine fruit set for

each treatment and the controls. Data were
analyzed using ANOVA (Tukey's multiple com-
parison procedure) in Minitab version 13.31

(Minitab, Inc., State College, PA 16801-3008).

To test if the exposure to cinnamon affected fruit

set, each of the plants exposed to cinnamon was
divided into two portions. Fruit set on the inner

half (older portions of the plant, exposed to

cinnamon) was compared to fruit set on the outer

half (younger part of the plant, not exposed to

cinnamon) using a paired t-test.

Nectar AvailabiHty

In order to provide information on the nectar

rewards being presented to visitors at Ahmanson
Ranch, one |il microcapillary tubes were carefully

inserted into 20 flowers on each of 23 separate

plants at Site 3 on 14 May 2001. The flowers to

be sampled on each of the selected plants were
carefully enclosed within nylon bags the previous

day to ensure that no nectar was removed by
visitors prior to the sampling procedure. Only
newly opened flowers were sampled. Microcapil-

lary tubes were placed in 4 dram glass screw-cap

vials and transported to the laboratory for

measurement. The amount of nectar in each

microcapillary tube was measured under a

Bausch and Lomb dissecting microscope and
the amount of nectar produced per flower was
calculated.

To determine any possible diurnal pattern of

SFVS nectar production, mature plants grown in

1 gallon pots at the Cahfornia State University,

FuUerton, greenhouse complex were sampled.
These plants were in the later phase of flowering

and open flowers had been exposed to pollen

vectors prior to this study. Sixty hours before

observation, several branch portions on each
plant were enclosed in nylon bags to exclude

pollinators. On 1 July 2001, six plants were
moved into the greenhouse, placed in an exclu-

sion room, and the bags partially removed to

allow access to the newly opened flowers. Nectar
sampUng was conducted at 9:00, 13:00, and 17:00.

At the initial sampling time, nectar was collected

from 20 flowers, 10 each on two separate plants.

At 13:00, flowers on these two plants were re-

sampled and 20 flowers on two new plants were
also sampled. Finally, at 17:00, all flowers were

re-sampled and 20 more flowers on two addi-

tional plants were sampled. Nectar was sampled
with one [i\ microcapillary tubes from open
flowers only.

Seed Germination

Representative SFVS seeds were collected on 10

July 2001 from plants at Ahmanson Ranch Study

Site 5. Fruits were sampled from the distal

portions of flowering branches. All seeds were

cleaned and removed from the surrounding floral

remains to ensure that only whole seeds were being

tested. Except where noted, all seed treatments

were placed in an unheated greenhouse under

ambient light in Petri dishes with one sheet of

Whatman No. 1 filter paper. Dishes were watered

with reverse osmosis (RO) water as needed.

Germination was defined as the emergence of the

embryonic root or radicle. Samples of 50 seeds

each (except for Treatment 2 where 51 seeds were

used) were tested in the following ways:

1) Control.

2) Leach 24 hr: seeds leached 24 hr under

running tap water, then placed in a Petri dish.

3) Leach and Stratify: seeds leached 24 hr,

placed in a Petri dish, then stratified for

2 wk in a refrigerator at 3-4 C.

4) Stratify Only: seeds sown directly in a Petri

dish, then stratified for 2 wk in a refriger-

ator at 3^ C.

5) Direct Planting: seeds sown in a layer of

sand on top of greenhouse soil mix in plastic

fiower pots, watered until soaked, then

placed on outside benches. Pots were

watered as necessary to keep the sand from

drying out. This treatment served as a

supplementary control and was used to

determine the basic non-treatment viability

of the seeds.

The time interval for these germination tests

was approximately six weeks for seeds that were
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Fig. 4. Total dawn-to-dusk visits observed, by hour, during all observation periods for the major visitor groups at

all study sites at the Ahmanson Ranch during the 2001 SFVS flowering season.

subjected to the stratification treatments and
three weeks for all other treatments.

Results

Dawn-to-Dusk Observations

AJmmnson Ranch. The results of these dawn-to-

dusk observations are summarized in Fig. 4. It is

apparent that this herbaceous plant received

numerous visits (total of 9816) from a wide range

of invertebrate organisms; however, among the

invertebrate groups, five species accounted for

nearly 75% of all visits made to the SFVS. These
included: two species of ants, Dorymynnex
insanus Roger (37.8%) and Solenopsis xylonii

McCook (2.6%) (Hymenoptera: Formicidae);

two species of beetles, Zahrotes sp. (1.9%)
(Coleoptera: Bruchidae: Amblycerinae), and Em-
menotarsis quadricoUis LeConte (2.4%) (Coleop-
tera: Melyridae: Dasytinae [identification tenta-

tive]); and the European honey bee. Apis mellifera

(30.3%) (Hymenoptera: Apidae). Other taxa

captured on the flowers of the SFVS at the

Ahmanson Ranch included Diptera in the

families Bombylidae, Syrphidae, Calliphoridae,

Sarcophagidae, and Tachinidae, Hymenoptera in

the families Ichneumonidae, Chrysididae, Sphe-
cidae, Halictidae, Andrenidae, Megachilidae,
Pompilidae, Vespidae, and Formicidae, and
Lepidoptera in the families Riodinidae and
Hesperiidae.

Early season.—We performed detailed analy-

ses on each of the early, mid- and late seasons

and for all three seasons combined. The total

number of individual visitors (hereafter referred

to as visitors) and the total number of flower

visits (hereafter referred to as visits) by each were

analyzed separately (Figs. 5 and 6).

In terms of visits, an analysis of the early (20

22 April 2001) series of observations (Fig. 5)

showed that of the 1662 visits were made by

Visits

Eariy Middle Late Total

Fig. 5. Summary of the early (n = 1662), middle (n =

5184), late (n = 2984), and total season (n = 9830)

SFVS visits recorded during dawn-to-dusk observations

at the Ahmanson Ranch in 2001.
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Visitors

Fig. 6. Summary of the early (n = 179), middle (n =

804), late (n = 710), and total season (n = 1693) SFVS
visitors recorded during dawn-to-dusk observations at

the Ahmanson Ranch in 2001.

various invertebrates of which >54% were made
by ants and 40% were by bees nearly all of which
were made by Apis mellifera.

Further, of the 179 individual visitors observed

during the early bloom (see Fig. 6), ants were
dominant (84%). Among the ants, the dominant
species was Dorymyrmex insanus, which account-

ed for 74% of the visitors. Apis mellifera

accounted for 7% of the total visitors during this

early portion of the blooming season.

Mid-season.—Regarding visits, an analysis of

the middle (4-6 May 2001) series of observations

(Fig. 5) showed that of the 5184 visits by various

invertebrates, of which 49% were by bees, the

vast majority of those were made by Apis

mellifera.

Additionally, of the 804 individual visitors

observed during the mid-blooming period
(Fig. 6), 21% were ants, 46% were beetles, 19%
were flies, and 9% were bees, of which 6% were
Apis mellifera. Among the ants, significant

visitors were Dorymyrmex insamis (9.3%) and
Solenopsis xylonii (8.1%).

Late season.—Again, in terms of visits, an
analysis of the late series of observations (Fig. 5)

revealed that of the 2984 visits by various

invertebrates, dominated by ants (71%).

Of the 710 individual invertebrate visitors

(Fig. 6), 77% were made by ants. Among the

ants, the dominant species was Dorymyrmex
insanus, which accounted for 71% of all visitors

during the late SFVS blooming season.

Entire flowering season.—If all visit data from
early, mid-, and late season sampling periods are

combined for the three study sites (Fig. 5), the

total number recorded is 9830. Visits by ants

accounted for 37% of this total, while 8% were
made by beetles, and 55% were made by all other

invertebrates. Within this latter group (55%),

more than 38% were made by flies and more than
59% were made by bees. Of the bee visits, 90%
were made by Apis mellifera.

Of the 1693 visitors noted throughout the

season (Fig. 6), 51% were ants, 27% were beetles,

13% were flies, and 6% were bees.

It is interesting to note that the greatest

number of visits (5184) and visitors (804) was
recorded during the mid-blooming period (4-6

May 2001) when the vast majority of the SFVS
plants were in full bloom. This compares to 1662

visits and 179 visitors during the early bloom (20-

22 April 2001) and 2984 visits and 710 visitors

during the late bloom (18-20 May 2001).

Newhall Raneli. Visitors to the flowers of the

SFVS at the Newhall Ranch were dominated by
one species of ant, Forelius mecooki, and flower

beetles in the family Melyridae (unknown Dasy-
tinae). Together these taxa made up nearly 50%
of all floral visitors to the SFVS at the Newhall
Ranch. Besides these dominant taxa, other

species captured on the flowers of the SFVS at

the Newhall Ranch included representatives from
the Coleoptera in the family Bruchidae, Diptera

in the families Bombylidae, Syrphidae, Calliphor-

idae, Sarcophagidae, and Tachinidae, Hymenop-
tera in the families Chrysididae, Sphecidae,

Halictidae, Megachilidae, Pompilidae, Vespidae,

and Formicidae, and Lepidoptera in the family

Riodinidae.

Mid-season.—An examination of the visits

made by each of the visitor groups observed

during the mid-season period (23-25 April 2004)

shows that flies (79%) greatly outnumbered
beetles (16%) in terms of the number of flowers

actually visited by individual visitors at Site 1.

Flies (67%) also dominated the visits at Site 2,

followed by beetles (1 1.5%) and ants (11%). Ants

(61%) made the most numerous visits at Site 3

followed by beetles (32%). Total visits varied

among the three sites from 2021 at Site 1, 633 at

Site 2, and 2488 at Site 3. Overall, 5142 visits were

made to SFVS flowers during the mid-season

flowering period. During that time, flies (40%)
dominated the floral visits, followed by ants

(33%) and beetles (23%; Fig. 7).

Visitors to the flowers of the SFVS varied

substantially among the three study sites during

the mid-season. Flies (67%) and beetles (27%)
dominated the visitors at Site 1 and at Site 2

(58.5% for flies and 21.5% for beetles), whereas

flies were replaced by ants (43%) as dominant
visitors along with beetles (42%) at Site 3. Total

visitors also varied considerably among the sites,

with 722 visitors at Site 1, 130 at Site 2, and 483

at Site 3. Overall, 1335 visitors were observed on
the flowers of the SFVS during the mid-season

flowering period. During this period, flies

(42.5%) beetles (32%), and ants (20%) were the

dominant SFVS floral visitors (Fig. 8). Observa-
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Visits

Middle Late Total

Fig. 7. Summary of mid-season (n = 5142), late

season (n = 2864), and total (n = 8006) visits recorded

during dawn-to-dusk observations at the Newhall
Ranch in 2004.

tions of interest include the total lack of honey
bee visitors and the variation in ant species

present at each location.

Late season.—An examination of the number
of flowers visited during the late season observa-

tions (7-9 May 2004) by each of the visitor

groups shows that flies (90%) greatly outnum-
bered beetles (6.5%) at Site 1. Flies (31%), beetles

(28%), ants (25%), and bees (15%) almost equally

dominated the visits at Site 2 (Fig. 7). Ants (78%)
made the most numerous visits at Site 3, followed

by bees (11%) and beetles (9%). Total visits

varied among the three sites with 1483 at Site 1,

372 at Site 2, and 1009 at Site 3. Overall 2864
visits, or about half the number of visits seen

during the mid-season, were made by the visitors

to the flowers of the SFVS during the late season

flowering period. During this late season, flies

(51%) dominated the floral visits, followed by
ants (32%) and beetles (10%; Fig. 7).

Visitors to the flowers of the SFVS also varied

substantially from site to site during our late-

season observations. Flies (83%) dominated the

visitors at Site 1, followed by beetles (12%). At
Site 2 there was a more equal distribution of

visitors with beetles (31%), ants (28%), flies

(25.5%) being the dominant visitors, whereas
ants (70%) were by far the dominant visitors at

Site 3. Total visitors also varied considerably

among the sites, with 429 visitors at Site 1, 133 at

Site 2, and 171 at Site 3. Overall, 733 visitors, or

about half the number of visitors seen during the

mid-season, were observed on SFVS flowers.

During this late season, flies (54%) dominated the

floral visitors, followed by ants (24%) and beetles

(16%; Fig. 8).

Entire flowering season.—If all the data from
the mid- and late season sampling periods are

combined for the three study sites (Fig. 7), the

Visitors

Middle Late Total

Fig. 8. Summary of mid-season (n = 1335), late

season (n = 733), and total (n = 2068) SFVS visitors

recorded during dawn-to-dusk observations at the

Newhall Ranch in 2004.

total number of recorded visits is 8006, which is

reasonably close to the total number of visits

(8168) recorded during the mid- and late flower-

ing periods of study at the Ahmanson site, even

though the 2004 season was a much drier year

that produced many fewer individual plants. Flies

dominated the floral visits (45.5%), followed by
ants (32.5%) and beetles (16%). Bees, especially

honey bees, were not well represented among the

visitors to the flowers of the SFVS during the

entire blooming period.

Total visitors also varied considerably among
the sites. Overall, 2068 visitors were observed on
the flowers of the SFVS during the mid-season

flowering period (Fig. 8). During this period, flies

(42.5%) dominated the floral visitors, followed by
beetles (32%) and ants (20%).

Pollinator Collection and Identification

Ahmanson Ranch. Identified visitors to the

SFVS, collected primarily at Study Site 5,

included 5 species of beetles, 20 species of files,

3 species of butterfiies, and 27 species of bees,

ants, wasps, and their relatives. For a complete

list of visitors, contact CEJ via email. These were

all captured on the fiowers of the SFVS.

Newhall Ranch. In total, we captured 4223
individuals on the SFVS fiowers and the adjacent

coastal sage scrub community. This sample
consisted of 12 different insect orders, two
arachnid orders (Acarina and Araneae), one

myriapod (Chilopoda), one crustacean (Isopoda),

and a large number of Collembola (Fig. 9). Non-
insect taxa made up a large portion of the sample

(2267 individuals). In particular, 45% of the

sample was made up of Collembola.

Taxa representing 7 different insect orders were
captured on or in close proximity to the SFVS
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Fig. 9. Relative abundance of different invertebrate taxa captured at Newhall Ranch. These taxa were collected

on the flowers and, also in the surrounding coastal sage scrub community.

flowers (Fig. 10). These same 7 orders were also

found in the surrounding coastal sage scrub

community (a total of 1912 individuals. Fig. 10).

The relative abundance of the insects captured on
the flowers (44 individuals) is largely reflective of

their relative abundance in the surrounding
coastal sage scrub community (R- = 0.9337;

Fig. 11).

In terms of the insect species diversity observed

at the Newhall Ranch, we identified 101 different

morphospecies. Hymenopterans (bees and ants)

were the most diverse order of insects, followed

by Dipterans (flies), Coleopterans (beetles), and
Hemipterans (true bugs) (Table 1). The most
abundant orders were generally the most diverse.

Near Flower

OOn Flower
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Fig. 10. Insect community composition (relative

abundance) of different insect orders captured on
flowers and near flowers. The near flowers sample
includes data from pitfall traps and hand collected

individuals Non-Pollinator (NP) orders includes

groups that were never observed on SFVS (Arche-

ognatha, Dermaptera, Phasmatodea, Orthoptera, and
Psocoptera). This group makes up only 3% of the

entire sample.

Of the 101 different morphospecies, 49% are

represented by a single specimen and 16% by two
specimens. Only in 7 morphospecies did we
collect 50 or more individuals (Fig. 12). These
data indicate that there are a number of
infrequent species present and very few abundant
species. These data were only recorded at New-
hall Ranch and were not taken at Ahmanson
Ranch.
The taxa of fauna collected varied with the

sampling method. Pitfall traps primarily capture

active ground-dwelling arthropods and tend to

underestimate the abundance of inactive or non-
ground dwelling species (e.g., Adis 1979; Spence
and Niemela 1994; Work et al. 2002). Using
pitfall traps, we captured 1665 individuals from
69 different morphospecies and from hand-
collecting we captured 291 individuals from 51

60 1

R2 = 0.9337

20 30 40

% of Sample on Flower

Fig. 1 1 . Relationship between the relative abundance
of taxa captured on the spine flower and their relative

abundance in the community (R- = 0.9663, P < 0.05).
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Table L Distribution of Morphospecies
LECTED Across Insect Orders.

Col-

Order Number of morphospecies

Hymenoptera 31

18

Coleoptera 15

Hemiptera 14

Homoptera 7

Orthoptera 6

Lepidoptera 3

Archeognatha 2

Psocoptera 1

Phasmatodea 1

Deimaptera 1

different morphospecies. Results of the two
sampling methods share only 21 species in

common (Jaccard Coefficient = 0.21). In addi-

tion, based on species accumulation curves

(Colwell and Coddington 1994), we have sampled
the species captured with pitfall traps much more
thoroughly than the species we collected by hand
(Fig. 13). This is evident since the species

accumulation curve for the hand collection is

essentially linear whereas the pitfall species

accumulation curve is hyperbolic and the rate

of species accumulation has decreased. Since

pollinator diversity was estimated using only

hand-collected individuals, it is possible that we
have underestimated the number of pollinator

species.
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Fig. 13. Species accumulation curves for pitfall

trapped (upper) and hand collected (lower) samples.

Singletons are species represented by a single specimen.

Pollen Analysis and Constancy

Ahmcmson Ranch. Of all insect floral visitor

specimens captured, only those of Apis mellifcra

were captured in sufficient numbers and had
enough pollen lodged on their bodies (an a priori

set number of 200 pollen grains was established

as an adequate subsample to examine from each
specimen) to carry out a complete analysis of the

degree of their constancy to the SFVS. Data on

the purity of pollen loads was collected from 10

different individuals of Apis meUiferci. In all but

one case, these honeybees were very constant to

the SFVS with constancy levels ranging between
96-99%. The one exception carried only 59%
SFVS pollen. Overall, the pollen loads on Apis

mellifeni averaged 94% (SD = 12.4) SFVS pollen

and an average of 4.5% (SD = 2.1) other pollen

species per sample.
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Fig. 12. Number of individuals collected of each species.
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The remaining taxa visiting the flowers of the

SFVS either did not carry at least 200 pollen

grains or their sample size was less than three, an
examination of the pollen loads of these visitors

was completed to determine their specificity to

the SFVS flowers. Of the non-honeybee visitors

captured while visiting the SFVS flowers, 56

carried one or more pollen grains in general (see

Jones et al. 2004). Of those 56, 48 (86%) carried

one or more pollen grains of the SFVS. Of the 48

that carried pollen of the SFVS, 28 (58%) carried

only SFVS pollen. The average constancy for all

48 specimens that carried at least one pollen grain

of the SFVS was 87%, with the range varying

from 1.6 to 100%.

The constancy for the most abundant visitor

recorded on the SFVS flowers at the Ahmanson
Ranch, Dorymyrmex inscmus, was 100%; howev-
er, we had only a sample of two individuals.

These two carried 10 and 9 pollen grains of the

SFVS respectively. Five individuals of Solenopsis

xy/onii, another prominent ant visitor to the

flowers of the SFVS, also proved to be carrying

SFVS pollen (between 8 and 37 pollen grains)

and exhibited an average constancy of 98%. The
average constancy exhibited by all ants was 98%
and ranged from 89 to 100%.

Neuiiall Ranch. The 43 insect floral visitors

caught while visiting the SFVS represented at least

14 different species of potential pollinators. Of
those 43, 58% carried pollen loads of one or more
pollen grains. The 25 floral visitors that carried

pollen loads represented at least 10 different taxa

of potential pollinators. Of these, 72% carried only

SFVS pollen, whereas the remainder carried mixed
pollen loads, but all included some pollen from the

SFVS (for a complete list of the individual species,

contact CEJ via email).

Of the 17 individuals of the small red ant

species Forelins niccooki, caught on the SFVS
flowers and sampled for pollen, 76.5% carried

one or more SFVS pollen grains. Of the 13 that

carried pollen, 69% carried only SFVS pollen.

The remainder carried mixed loads, but all

included some pollen of the SFVS.

Exclusion Experiments

Regarding the two sets of plants exposed to

cinnamon, no significant difference was found
between the number of fruits produced on the

inner half of the plants and the outer portion (t-

test Control I, t = 0.2554, P > 0.8; Control II, t

= 0.2713, P > 0.8; Experimental (without ants), t

= 0.307, P = >0.8; and Self, t = 0.2413, P > 0.8;

in all cases n = 5, df = 4), thus indicating that the

cinnamon layer did not affect fruit set and,

therefore, that there was no difference in efficien-

cy of pollination of the plants throughout the

duration of the experiment.

Fruit Set in SFVS

Control 1 Control 2 Experimental Self

Treatment

FiG. 14. Comparison of SFVS fruit set between the

two sets of controls (Control 1, plants selected prior to

the beginning of plant bloom, and Control 2, plants

selected at the end of the experimental period.

Treatment 'Experimental' excludes crawling insects,

especially ants, and treatment 'Self excludes all visitors.

Percent fruit set is determined by dividing the total

number of fruits set by the total number of flowers

examined. Error bars indicate one standard deviation.

Those marked "a" are not significantly different from
one another but are significantly different from the Self,

which is marked ''b". ANOVA (f = 48.02, n = 1 19, P <
0.0001) followed by a Tukey's Test (q = 3.69, n = 119,

df = 118, P < 0.01).

An analysis (ANOVA) of the fruit set in the

two sets of controls and the two exclusion

treatments (Fig. 14) showed a significant differ-

ence in fruit set among the two sets of Controls,

the Experimental, in which crawHng insects (such

as ants) were prohibited from visiting the SFVS
j

flowers, and the Self plants (f = 48.02, n = 1 19, P
I

< 0.0001). specifically, there was no significant

difference between the two sets of Controls or

between the Controls and the Experimental

plants, but there was a significantly lower number :

of fruits produced by the selfing treatment ij

(Tukey's multiple comparison, q = 3.69, n =
j

119, df = 118, P < 0.01).

Nectar Analysis

In the sampling of 460 bagged SFVS flowers

(20 each on 23 separate plants), the average

nectar production per flower was 0.0034 \x\ with a

range from 0.0 to 0.014 ^1 per flower. Bee flowers

normally have an average of 2.5 ± 1.1 |li1 per

flower (Cruden et al. 1983). Insufficient nectar

was produced for refractometer determinations I

of sugar content.
j

Nectar sampling to determine any possible
i

diurnal pattern of nectar production is presented i

in Table 2. No measurable nectar was detected at

the 9:00 sampling period. However, measurable

nectar was collected in all afternoon samples.
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Table 2. Diurnal Nectar Production in the SFVS, as Measured in the CSUF Greenhouse Complex
ON 1 July 200 L N = 20 flowers per plant sample.

900 hrs—|nl/fl 1 300 hrs—i^l/fl 1700 hrs—lal/n

Plants 1 and 2 0.0000 0.00391 0.00344

Plants 3 and 4 0.00938 0.00234

Plants 5 and 6 0.00313

Average 0.0000 0.00664 0.00297

Calculated nectar values ranged from 0.00234 to

0.00938 lal per flower.

Seed Germination

The results of the seed germination tests are

presented in Table 3. Germination in the Control

seeds after 6 wk was 74% whereas germination in

all other treatments was noticeably lower. In

particular, stratification, either alone or in

combination, decreased percent germination.

Discussion

The reproductive biology of rare and endan-
gered plants has been of great interest to

biologists charged with developing successful

management strategies for these species (Purdy

et al. 1994; Schemske et al. 1994; Luijten et al.

1996; Bernardello et al. 1999; Kaye 1999;

Timmerman-Erskine and Boyd 1999). This aspect

of the conservation or reintroduction of rare

species involves not only understanding the

factors affecting seed production, but also factors

affecting long-term successful propagation (Gi-

blin and Hamilton 1999). In order for a

population to remain stable, the plants must
both flower and receive sufficient pollinators in

order to produce viable seeds. Those seeds must
then receive enough water and nutrients, avoid

predation, and grow to mature flowering plants

capable of producing the next generation. Inter-

ference with any of these steps will inhibit

reproduction and, if consistent over time, may
result in reduced populations (Kaye 1999).

Results from this investigation establish an
information base regarding the initial steps in

the reproduction process of the SFVS that should

Table 3. SFVS Seed Germination Results as of 4
February 2002.

Sample size Number %
Treatment (N) germinated germination

Control 50 37 74
Leach 24 hr 51 22 44
Leach and

stratify 50 9 18

Stratify only 50 5 10
Direct

planting 50 25 50

prove useful to conservation biologists responsi-

ble for protecting this endangered taxon.

PoUinator Diversity—Generalist Strategy

Data from the dawn-to-dusk visitor surveys at

both the Ahmanson and Newhall Ranches are

consistent with a generalist (both within and
between years) rather than a specialist pollination

vector strategy. We documented a wide variety of

taxa, terrestrial as well as aerial (including a

number of different species of ants, bees, beetles,

and flies) that visit the SFVS flowers and would
appear to be capable of effecting pollination with

subsequent seed set. With the exception of one of

the three species of ants that are frequent visitors

to the flowers of the SFVS, we did not examine in

any detail the efficiency of the various possible

vectors at facilitating fruit set. Given that the ant

visitors were among the most frequent to the

flowers of the SFVS, we did examine the

efficiency of the major ant visitor at Ahmanson
Ranch {Doryniyrmex inscmus) as a pollinator of

the SFVS and this work is reported elsewhere

(Jones et al. unpublished).

Both the Northern Hemisphere (annuals) and
South American (mostly perennials) members of

the genus Chorizcmthe occupy xerophytic habitats

in which rainfall is quite variable from year to

year (Goodman 1934; Reveal and Hardham
1989). Such variation may favor the generalist

pollination strategy that seems to be the rule for

species in this genus. The generalist strategy has

been found in all members of this genus that have

received any attention regarding the pollinators

that frequent their flowers (Reveal and Hardham
1989; Bauder 2000; U.S. Fish and Wildlife

Service 2001; Murphy 2003).

Specialization of pollinators has been a key

concept of plant-pollinator coevolutionary mod-
els (Thompson 1994). This assumption is based

on the ''most effective pollinator principle",

which states that natural selection should proceed

toward floral phenotypes that attract a limited

spectrum of potential pollinators and result in an
increase in the effectiveness of fruit set in the

plant (Stebbins 1970). This process by which the

flowers are molded by a small group of related

and effective pollinators is referred to as ''adap-

tive specialization'' (Thompson 1994; Herrera

1996; Johnson and Steiner 2000).
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Although this principle has often been used as

the underlining support for the idea that evolu-

tion should proceed toward more specialized

mutualistic associations between specific flowers

and their pollinators, Stebbins (1970) emphases
that this refers to the ''predominate and most
effective vector" and does not mean that the

plant is ''pollinated exclusively by this vector,"

and as such, supports the concept of pollinator

syndromes. In other words, by this "principle", a

plant species should have one or only a few
related primary pollination vectors (e.g., two or

more bee species with similar morphologies and
behaviors would fall into the bee pollination

syndrome—melittophily of Faegri and van der

Pijl 1971), but certainly can have a few to several

other pollinators as well. In fact, as pointed out

by Futuyma (2001), there is a continuum between
species that are exclusive specialists pollinated by
only a single vector species to species that are

pollinated by a vast array of vector species.

Therefore, each species has to be individually

evaluated regarding how specialized or general-

ized its pollination system actually is.

So the question becomes, why do some plant

species adopt more inclusive guilds of potential

pollinators that include species of dissimilar sizes

and behaviors representing different taxonomic
groups? When this occurs, we refer to the plant as

having adopted a generalist poUination strategy

(see Heithaus 1974; Waser et al. 1996; Gomez and
Zamora 2006; Olesen et al. 2007; Ollerton et al.

2007 for a more complete overview of the

generalist strategy).

From the perspective of an annual plant, a

generalist pollination strategy tends to increase

the likelihood of at least some successful fruit/

seed set in fluctuating environments that are the

norm in the variable southern California Medi-
terranean climate (Waser et al. 1996; Gomez and
Zamora 2006). However, there may be genetic

consequences related to the different sets of insect

vectors and their behavior, ranging from visits of

many flowers on a single plant before moving to

the next plant (favoring selfing), to moving
quickly among Howers on separate plants (favor-

ing outcrossing) (Stebbins 1950; Schmitt 1983). In

our study, rainfall varied considerably between
the times of the study at the Ahmanson and
Newhall Ranch sites (2001 and 2004 respectively)

and resulted in many fewer SFVS plants being

produced at both sites during the 2004 season

than had been produced in 2001. Fewer plants

mean fewer resources are available to attract and
hold the services of potential pollinators, espe-

cially those with high energy requirements like

the European honey bee (Johnson and Hubbell
1975; Schaffer et al. 1979; Sih and Baltus 1987;

Jennersen and Nilsson 1993; Conner and Neu-
meier 1995). However, a decrease in resources

should not be as important to potential pollina-

tors with minimal energetic requirements such as

ants and other small-bodied poUinators.

In our study, 2001 was a good year and
produced sufficient SFVS plants that the bloom
even attracted the European honey bee, Apis

melUfercu which was one of the top five visitors to

the plants that season (Jones et al. 2002).

However, the 2004 year was much drier and
produced many fewer SFVS plants at both sites

(Ahmanson and Newhall Ranches) and resulted

in no honey bees being attracted to these plants,

even though they were observed visiting other

taxa in the vicinity (Jones et al. 2004). During
both seasons, ants were common visitors to the

SFVS plants. As a result of the way they forage,

ants would tend to facilitate selfing more
frequently than outcrossing (Jones et al. 2002,

2004; unpublished data). In contrast, honey bee

behavior on these flowers would tend to increase

the probability of outcrossing over selfing.

Although honey bees collected both nectar and
pollen when visiting the SFVS flowers, the

minimal nectar rewards produced per flower,

forced them to visit many flowers to achieve a full

nectar crop prior to returning to the hive.

An intriguing aspect to consider is how such

annual differences in pollinators might affect the

genetic structure of the offspring in any given

season. One would expect that the progeny
produced during drier years would reflect more
selfing, whereas that produced in wetter years

would reflect more outcrossing. It would be quite

interesting to collect seed produced under such

environmental conditions and examine the genet-

ic variation of progeny produced to determine if

pollinators have significant effects on the genetic

structure of the progeny produced during such

divergent rainfall years (Barrett 2002).

Local Invertebrate Community in the Coastal

Sage Scrub Plant Community and Potential

Pollinators for the SFVS

The insect community at the Newhall Ranch
was quite diverse and both sampling methods
captured a number of infrequent species as

evidenced by the high percentage (—50%) of

species represented by only a single specimen

(singletons). Given this and the fact that the

species accumulation curves did not reach an

upper asymptote, it is very likely that we have

underestimated the insect diversity in this com-
munity. However, these results are not unlike

other studies of arthropod communities in coastal

sage scrub (CSS). Burger et al. (2003) found that

approximately 51% of their 169 morphospecies

were represented by a single specimen. Their

results and ours suggest that the terrestrial

arthropod community in the surrounding com-
munity is very diverse and that adequately

sampling the terrestrial arthropod diversity will
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require a much greater effort than that repre-

sented in this study.

We found that 14 of 101 insect morphospecies

were captured on the flowers of the SFVS and
might be potential pollinators. Of these 14

species, 10 carried grains of SFVS pollen.

Interestingly, our sample of potential pollinators

contained 8 singletons, which also suggests that

there is a substantial number of species with very

low abundance in this community and, again

suggests that we have probably underestimated

the insect diversity in this community. Regardless

of these issues, it is clear that the most abundant
orders of insects in our sample (e.g., Hymenop-
tera, Coleoptera) also represent the largest

number of potential pollinators.

Seed Set and Pollinator Limitation

The effectiveness of the SFVS visitors as

pollinators is demonstrated, at least partially, by
the high seed set (50 60%) registered in both sets

of controls associated with the exclusion exper-

iments completed at the Ahmanson Ranch study

site. Additionally, the data suggest that the

contribution of ants and flying insects to seed

set is equivalent to that of aerial visitors alone.

This would indicate that ants are not normally

required for full seed set and supports the idea

that this species has adopted a generalist pollina-

tion strategy (Waser et al. 1996; Gomez and
Zamora 2006). However, ants may be important
pollinators when other vectors are scarce (Jones,

et al., unpublished data) The actual pollinating

species may depend primarily upon vector

availability, the diversity of which varies with

seasonal and annual environmental fluctuations.

In any case, pollinator limitation would appear
not to be a problem for the SFVS.

Pollinator Constancy

Harper (1979) has noted that most rare plant

taxa rely on insect pollination and that survival of
many rare plants depends on the maintenance of
sufficient pollinator populations. As defined here,

constancy is the condition that exists when a

floral visitor frequents only a single species on a

given foraging bout. Many pollinators such as

honeybees, bumblebees and lepidopterans have
demonstrated constancy to specific species (Free

1963; Lewis 1989; Goulson et al. 1997). Such
flower constancy increases the likelihood of a

plant receiving pollen from a member of the same
species and, in turn, increases the likelihood of
successful fertilization. This also generally de-

creases the flower handling time for the pollinator

(Waser 1986; Chittka et al. 1999). In addition,

when pollinators visit a single species they are less

likely to transfer a pollen grain of another species

that could possibly clog the stigma with incom-

patible pollen (Waser 1986; Chittka et al. 1999).

Frequently rare species exhibit reduced seed set

(Baskin and Baskin 1998), one possible symptom
of low constancy. However, seed set and con-

stancy are both high in the SFVS.
Constancy, as determined by captured speci-

mens from both the Ahmanson and Newhall
Ranches (details for the latter are given in table 4

in Jones et al. 2004), was high among most of the

floral visitors. The significant number of visitors,

both terrestrial and aerial, demonstrating con-

stancy to the SFVS may also be reinforced by the

patchy distribution pattern of this taxon, which
facilitates both nectar collection and constancy
(Chittka et al. 1999).

Although we examined a relatively small

sample of ants captured on SFVS flowers at the

Ahmanson Ranch, those that were had pollen

loads that were 98% specific to the flowers of the

SFVS, indicating that these ant species were
purposefully visiting these plants, using them as a

food source, and in the process picking up pollen

and probably facilitating the successful reproduc-

tion of the SFVS (Jones et al. 2002).

Nectar Availability

Nectar production has an energetic cost for

plants. Plants of arid environments with profuse

flower production per plant and subjected to

fluctuating rainfall from year to year are likely to

produce smaller individual flowers and less nectar

per flower when under stress. Consequently, their

normal nectar production per flower may very

well be relatively small due to this evolutionary

constraint (Southwick 1984; De la Barrera and
Nobel 2004). The SFVS occupies a seasonally dry

habitat that varies considerably in the amount of

rainfall received prior to and during the growing
season of the plant. Quite likely as a result of such

constraints, the nectar production per flower in

the SFVS is minimal.

In such cases there is still a possibility that

through rapid visits to a large number of flowers

pollinators could be able to collect sufficient

nectar to satisfy their energetic needs (especially

taxa with higher energetic demands, Spira 1980).

In comparison to the average nectar per flower

found in bee flowers (Cruden et al. 1983), the low
nectar production per flower observed in the

SFVS forces larger bodied floral visitors (like

honey bees) to visit many flowers during a single

foraging bout, helping to ensure the pollination

of many flowers and, perhaps, facilitating in-

creased outcrossing among plants in the popula-

tion (Proctor et al. 1996).

It is interesting to note that diurnal nectar

production was highest during the early after-

noon and remained fairly constant throughout
the remainder of the day. Floral visitation was
also highest during this period, particularly
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among the ants, which are smaller bodied
potential pollinators that have smaller energetic

requirements per individual (Peters 1983; Degen
et al. 1986).

Breeding System—Selfmg

Our data from the bagging experiments
completed at the Ahmanson Ranch study site

indicate that the SFVS is at least partially self-

fertile. In fact, nearly 30% of the flowers set

fruit with viable seeds in our controlled
experiments where the plants were bagged
preventing any pollination vectors from having
access to the flowers; thus, these flowers set

fruit without the services of a vector. However,
our data also indicate that more flowers set

fruit when the flowers are exposed to potential

pollination vectors. It would appear that at

least some of this fruit set is due to cross

pollination suggesting that the SFVS can
probably set fruit by selfing when pollinators

are limiting or when pollinators are small and
tend to frequent many flowers on the same
plant (ants), as well as, by outcrossing when
pollinators are abundant or when larger polli-

nators such as honey bees are among the floral

visitors.

Stebbins (1957) indicated that geographically

restricted plants, such as the SFVS, are likely to

be self-compatible. He postulated that in

species whose populations fluctuate frequently,

selection would favor self-compatibility during
times of smaller populations. He also suggested

that self-fertilization is common in annual
plants of California and other Mediterranean
regions due to dramatic climate variability.

During particularly dry years, conditions fa-

vorable for cross-pollination may be absent or

only present for a short time. Furthermore,
Hagerup (1932) suggested that dry climates lead

to lower populations of pollinators and Roubik
(2001) has shown annual variability in pollina-

tor populations.

Karron (1991) and Barrett (2002) have also

noted that rare plant taxa may be more likely to

be self-compatible than more widespread species.

Numerous rare plant species have been shown to

be self-fertile (Kunin and Shmida 1997; Bosch et

al. 1998; Anderson et al. 2001). These self-

pollinating flowers generally have smaller, less

showy flowers (Proctor et al. 1996; Barrett 2002).

Such small flower size and short relative distance

from anther to stigma are also often associated

with self-compatibility (Kunin and Shmida 1997;

Anderson et al. 2001). The SFVS demonstrates

these characteristics.

Situations in which some fraction of the fruit is

set by selfing and some fraction is set by
outcrossing creates a mixed mating strategy

(Vogler and Kalisz 2001). Such a strategy appears

to be present in plants found in seasonally

variable habitats with unpredictable rainfall

regimes, resulting in large variations in plant

population sizes and unpredictable pollination

vector populations. Under these conditions, a

mixed mating strategy seems to provide some
assurance of reproductive output each and every

year (Barrett 2002, 2003). A more thorough
discussion of the potential roles of ants versus

honey bees in facilitating selfmg or outcrossing

and a discussion of the potential importance of
each to the continued survival of the SFVS will be
presented in a separate paper (Jones et al.

unpublished data).

Seed Germination

Plants require more than successful pollination

and fertilization to complete sexual reproduction.

First, the seeds produced must also be viable.

Secondly, many species have complex germina-

tion patterns (Bewley and Black 1994) that may
contribute to differential survival and recruitment

(Burdon et al. 1983), an important consideration

in the biology of rare species. Therefore, an
examination of the germination potential of any
seeds produced is necessary in order to form an
accurate picture of the reproductive capacity of a

particular species.

In general, SFVS seeds seem to germinate

easily, without the need for any special treatment.

Even the seeds that did not germinate may
remain viable and might actually represent seeds

that exhibit delayed germination and become
part of a seed bank (Baskin and Baskin 1998).

Although SFVS seeds that were subjected to

special treatments seemed to germinate at a lower

rate than control seeds, this may be due simply to

the short timeline of these experiments. Stratifi-

cation, in particular, appeared to slow the

germination process but this may result from
the slowing effects of lower temperatures per se

on physiological processes, rather than on special

seed dormancy requirements. Obviously, this

aspect of the reproductive process requires

further study.

An accompanying study of possible fire-related

germination cues, such as heat shock, smoke, and
charred wood showed that none of these treat-

ments significantly stimulated germination in the

SFVS (Sandquist 2003).

The general ease of germination allows for the

rapid establishment of SFVS populations in open
spaces, much like a weedy strategist (Baskin and
Baskin 1998), and supports the establishment of

the dense patches that provide the floral display

and nectar resources required to attract flying

pollen vectors. Clearly, maintenance of these

dense patches in the face of drought, disturbance

and alien species should be a matter of concern

for managers.
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Conservation Concerns—Effects of Population

Size Variability

Low population sizes, resulting in decreased

floral display and nectar resources, would be

expected to lead to decreases in the number of

flying visitors. Our data indicate that during

harsh, dry, growing seasons, as was the case for

our Newhall Ranch study, the SFVS may survive

by producing a significant number of progeny via

selfmg without a vector. A significant decrease in

the number of floral visitors or the production of

a significant number of progeny via selfing

without a vector would have important genetic

implications in terms of interpopulation gene

flow (Barrett 2002). Certainly, an additional

study that should be undertaken is a detailed

analysis of the population genetics of this species

throughout its extant range in order to determine

its genetic health and to establish management
strategies to maintain or enhance that health.

Summary

The reproductive biology of the SFVS, at least

in the aspects studied here, appears to be

characterized by great flexibility. No special

treatment was required for seed germination,

allowing for the rapid establishment of the dense

SFVS patches observed in the field. Pollination

interactions involved a substantial variety of

insects, both terrestrial and aerial, and included

a mixed mating system characterized by being

able to set fruit without the need of a pollination

vector. However, far more fruit were set when the

flowers were exposed to potential pollination

vectors. Five species at the Ahmanson Ranch
were responsible for 75% of the total visits to

SFVS flowers: Apis mellifercr, two species of

native ants, Dorymyrmex inscmus and Solenopsis

xylonii; and two species of beetles, Zabrotes sp.

and Emmenotarsis quadricollis. The small size of

the latter four native species (all under 5 mm in

length) allows easy entry into the SFVS flowers,

whereas the larger, introduced. Apis me//ifera
accesses the nectar rewards with its long probos-
cis. At the Newhall Ranch, by far the most
common insect captured on the flowers of the

SFVS (17 of 43 or 39.5%) was the small red ant,

Fore/ius mecooki.

Size and mobility differences among these six

prominent visitors may have implications for

their respective roles in the SFVS pollen flow.

Flight distance and, therefore, pollen dispersal

range is much greater for Apis me//ifera than for

the five native species. The five native species tend
to visit flowers on the same plant (the SFVS
proved to be a facultative selfer) or on nearby
neighbors. It would seem that Apis nie//ifera

would foster longer distance pollen dispersal than
the other four species and would have a greater

likelihood of facilitating outcrossing. Native bees

may normally play this role but few were
observed during this study. Therefore, the role

of the smaller species might be one of facilitating

reproductive success through within-plant or

within-patch pollination, whereas the larger,

more mobile pollinators, like Apis me//iferci,

should provide the inter-patch or inter-subpopu-

lation pollen flow important for the maintenance
of the SFVS genetic diversity. The presence of

both guilds of pollinators should facilitate overall

reproductive success. Clearly, this generalized

pollination strategy would be highly advanta-

geous in an environment with large spatiotempo-

ral variability such as that found in the southern

California climate zone, where seasonal and
annual variation in pollinator assemblages ap-

pears to be substantial.

Although visits to flowers of the SFVS do not

necessarily correspond to successful pollination

events, because of the diversity and frequency of

the observed visitors and the fact that the data

were only taken on visitors that were actually

visiting the stamens and/or came into contact

with the stigmatic surfaces, we conclude that the

SFVS is not likely to be pollinator limited.

Further, it is neither limited by lack of seed

production nor seed germination. We conclude

with the suggestion that this species may be rare

due to the destruction of suitable habitat.
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ON THE RELATIONSHIP OF STREPTANTHUS VERNALIS AND
STREPTANTHUS BARBIGER (BRASSICACEAE)

Richard O'Donnell
1317 Cornell Ave., Berkeley, CA 94702
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Abstract

The relationship between Streptanthus vemalis and Streptanthus harhiger (including the taxonomic
synonym Mesoreauthus fallax) is examined. Morphological and allozyme comparisons show that the

species are unrelated.

Key Words: E. L. Greene, Mesoreauthus, Streptauthus verualis, allozyme analysis.

Streptanthus vemalis O'Donnell and Dolan is a

newly described species from Three Peaks in

Lake County, CA (O'Donnell and Dolan 2005).

In the paper describing this species, O'Donnell
and Dolan (2005) compared S. vemalis morphol-
ogy to that of sympatric Streptanthus species and
to S. batraehopus J. Morrison, a species known
only from Marin County, CA {S. batraehopus

was included because some observers of S.

vemalis thought that it was S. batraehopus). We
also performed allozyme analysis to measure the

genetic distance between S. vemalis and other

Streptanthus species.

The possibility that S. vemalis is Mesoreauthus
fallax E. Greene has been raised (Dr. Dean
Taylor personal communication 2006). Mesor-
eathus fallax is a taxon segregated from S.

barbiger E. Greene by Greene because of
perceived morphological differences, examined
below. Streptanthus barbiger was not included in

the comparisons in O'Donnell and Dolan (2005)

because we did not consider it to be related to 5*.

vemalis, and there was no population of S.

barbiger within 15 kilometers of the only known
S. vemalis population. However, to address the

possibility that S. vemalis is M. fallax, in this

paper I coinpare S. vemalis to S. barbiger.

Streptanthus barbiger

Streptanthus barbiger, a widely distributed but
uncommon serpentine endemic of the inner Coast
Range of northern California, was first described

by Greene (Greene 1888) based on a specimen
collected in June 1888 by A. B. Simonds from
Highland Springs, Lake County, CA. The
specific epithet barbiger (bearded) presumably
referred to the "short bristly white pubescence"
which was perceived on the tips of the sepals.

Greene supplemented his description of S.

barbiger (Greene 1894), adding that the entire

calyx, not just the sepal tips, was "commonly
bristly-hairy, but often glabrous". He noted
elsewhere that it was common in Napa Co.,

specifically at Miravalle, an estate west of the

town of St. Helena.

Later, Greene split S. barbiger into three

species under the generic name Mesoreauthus
(Greene 1904, 1903 1906): (1) M. barbiger, the

"type species", with hirsute sepals; (2) M. fallax,

a glabrous, glaucous species collected in July 1891

in the hills above St. Helena in the Napa Valley;

and, (3) M. vimineus, also glabrous and glaucous,

which Greene described as a showier plant with

large white blossoms. Mesoreauthus vimineus was
collected by C.F. Baker in early May 1903 near

Lakeport.

The specimens of M. fallax that Greene used to

describe that new species were fruiting and had
few blossoms and no leaves; thus, his description is

sketchy and incomplete. Perhaps it was their lack

of leaves that prompted Greene to apply the

specific epithet fallax to the poor specimens he
found: fallax means "unclear, deceptive". A
topotype of M. fallax in the California Academy
of Sciences herbarium (Greene 16323, CAS
296902) appears to be typical S. barbiger. the

basal leaves are oblanceolate, entire, with a purple

cast, and the cauline leaves are linear. The calyx is

almost glabrous. However, all four of the white

petals are marked with purple where usually only

the two lower are so marked. Only one other M.
fallax accession known to the author is Greene's

of 1891 in the Harvard Herbarium (Barcode

40579); one specimen in the University of Califor-

nia Herbarium of S. barbiger (UC 10858) has been
annotated M. fallax, annotator unknown.

Streptanthus barbiger is described by Buck et

al. (1993) in The Jepson Manual as a variable

species, a characterization confirmed by the

significant variation in descriptions of S. barbiger

since it was first described, as indicated on
Table 1. Buck et al. (1993) may have found
additional justification for their description be-

cause they lumped unidentified plants from
Tehama and Lake Counties under S. barbiger.

A coauthor of Buck et al. (1993) says he "lumped
several things under Streptanthus barbiger E.
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Greene" in his treatment of the species (Dr. Dean
Taylor personal communication). Thus, S. barbi-

ger as described in Buck et al. (1993) is probably
not a single entity but rather a collection of

entities.

Table 1 compares S. vernalis to S. barbiger

(including the synonymous M. fa/lax) as it was
described by Greene and subsequent authors.

Table 1 retains the language from the descrip-

tions of S. barbiger to preserve the intentions of

each author as to diagnostic characters. This

results in some cases in different measurements of

the organs (e.g., centimeters, inches, lines) and
different characters being featured. Notwith-
standing the diversity of descriptive choices that

the authors from Greene to Buck et al. (1993)

have made, the morphological differences be-

tween S. vernalis and S. barbiger are clear.

Comparison of Morphology

The treatments of S. barbiger shown in Table 1

indicate a wide range of variation in important

characters: height, calyx vestiture, and the purple

veining on the lower petals. The siliques are

variously described as recurved/reflexed and
spreading, and spreading only; the torulose

character of the silique has remained faint. The
branching pattern varies widely, from branching
from the base, to branching above, to generally

branching; there appears to be no consensus on
the branching. As for the leaves, the authors

focus on the narrow, linear cauline leaves. Jepson

(1936) and Buck et al. (1993) mention the lower

cauline leaves which are long, wide and crenate

(or coarsely dentate); none of the authors indicate

that these leaves are often blotched with grayish

irregular marks.

Specimens observed by the author near the

Highland Springs Road in 2006 possessed bristly

calyces, white upper petals, the lower pair marked
with purple veining, and recurved siliques. Some
of the individuals possessed long, crenate basal

leaves, and all possessed linear, almost filifoiTn

cauline leaves.

In May 2007, a drought year, the author found
an early flowering population of S. barbiger near

the Highland Springs Reservoir. This population
was generally shorter than other populations

observed in nearby locations in previous years

(<13cm) and its other organs proportionately

smaller than those found a few miles up the

Highland Springs Road in 2006. The basal leaves

were erect, clustered at the base and were entire

or coarsely dentate; the cauline leaves were linear,

filiform. The flowers, however, were typical of S.

barbiger; i.e., upper petals white, lower petals

white with purple veining. The author also

observed a population of S. barbiger on Spring

Mt. Road west of St. Helena in July 2007. The
plants of this population had glabrous calyces.

lax racemes, recurved siliques and, except for the

basal leaves, which were no longer present, were
otherwise identical to those found along the

Highland Springs Road in 2006. The author
cannot confirm that this Spring Mt. Road
population was that from which Greene sampled,
or the source of the specimen in the California

Academy of Sciences herbarium. Serpentine
habitat in the area, including the former Mir-
avalle estate, west of St. Helena is limited to a

narrow band surrounded by volcanic substrate.

Since Greene's time, the area has been planted

with vineyards. It is possible that vineyards or

other construction have replaced the S. barbiger

populations that Greene observed.

The comparisons in Table 1 show that S.

vernalis does not resemble S. barbiger. S. vernalis

has no purple color in its petals or sepals, and the

silique is erect and distinctly torulose. The seeds

are winged. The leaf morphology of specimens of

S. barbiger from Napa, Lake and Sonoma
Counties in the Jepson Herbarium and at the

California Academy of Sciences herbarium is

very distinct from that of S. vernalis. The basal

leaves of the former are usually oblanceolate and
deeply crenate (sometimes entire) and the cauline

leaves are entire, hnear and sometimes filiform.

This is true for the cauline leaves of specimens

observed by the author in the hills west of St.

Helena (Spring Mountain Road), the type

locality of M. falla\\ and for the specimens from
Highland Springs, the type locality of S. barbiger.

The leaf characters of these specimens are entirely

different from those of S. vernalis.

Streptanthus vernalis does not resemble the

topotype of M. fallax in the herbarium of the

California Academy of Sciences or M. fallax as

Greene described it. S. vernalis does not have the

very long spreading sepals reported for M. fallax.

Where M. fallax is described as having dark-red

lower petals edged with white, the lower petals of

S. vernalis are white, suffused with a yellow tint

and the upper petals are pure white (pers. obs.).

Greene describes the fruiting racemes of M. fallax

as "long and lax"; the fruiting branches of S.

vernalis are short and retain their ascending and
erect stature (pers. obs.)

Taxonomic Status of Mesoreanthus fallax

After Greene segregated the glabrous species

M. fallax from the "type species" M. barbiger, M.
fallax was not used. In the Flora of Middle

Central California (Jepson 1911) Jepson lists S.

barbiger but does not refer to M. fallax. Much
later in Vol. 2 of the Flora of California (Jepson

1936), Jepson refers to both M. fallax and M.
vimineus as synonyms of S. barbiger as does

Abrams (1944). It appears that the glabrous calyx

that had distinguished M. fallax from M.
barbiger was assimilated into S. barbiger. Only
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Table 2. Nei's Unbiased Genetic Identity (Nei 1978) Values for Pairwise Comparisons of
streptanthus vernalis, s. breweri ssp. breiveri, and collections from three different locations
for s. barbiger.

S. vemalis S. breweri S. barbiger I S. barbiger 2

S. vemalis * * * *

S. brewer

i

0.600 * * *

S. barhiger 1 0.298 0.526 * *

S. barbiger 2 0.365 0.593 0.992

S. barbiger 3 0.204 0.408 0.891 0.842

Munz and Keck (1959) and Abrams (1944)

mention the occasional hairy calyx in S. barbiger.

Jepson (1936) remarked:

Greene (Fr. Fl.) describes the calyx as

"bristly-hairy", an apparently unusual char-

acter for S. barbiger as we now know it. The
calyces sometimes exhibit parallel hairlike lines

in relief which imitate appressed bristles.

However, the entire breweri-barbiger-niger

series is unusually productive of variables,

even for Streptanthi

No Streptanthus species with the characters of

M. fallax appears to have taken its place. The
only specimens in herbaria attributed to M. fallax

in the Missouri Botanical Garden's TROPICOS
database is Greene's of 1904/05. It appears that

systematists since Greene have not recognized M.
fallax as a separate species. While the name may
be conserved, it cannot be applied to S. vemalis;

morphological and allozyme evidence (see below)

against such application is unambiguous: S.

vemalis is not M. fallax. In fact a M. fallax was
recently (Al-Shebaz and Taylor 2008) relegated to

the synonymy of a new species S. vimineus Al-

Shabaz & D. W. Taylor, and as no claim is made
that 5". vinimeus is the same as S. vemalis the

question is moot. To complete the reassignment

of the genus Mesoreanthus I use this opportunity

to consign the name M. barbiger to the synonymy
of S. barbiger.

Molecular Analysis

Allozyme analysis was conducted by Dr.
Rebecca Dolan (written comm. July 2007) on
samples from three S. barbiger populations
(Barbiger 1—Highland Springs Reservoir; Barbi-

ger 2—Highland Springs Road about 2 mi west
of Highland Springs Reservoir; and Barbiger 3

—

Spring Mt. Road), one 5. breweri ssp. breweri

population, and the sole population of S. vemalis

following the procedures of Dolan (1995). Pair-

wise values of Nei's genetic identity (Nei 1978) in

this analysis show S. vemalis to be most similar to

S. breweri and very distant from the samples of S.

barbiger. The three S. barbiger samples are very
similar, with an average identity value of 0.91.

However, the S. barbiger populations in the

vicinity of Highland Springs are more closely

allied to each other than either is to the Spring

Mountain Road population.

The data in Table 2 supplement the data in the

original paper (O'Donnell and Dolan 2005).

Notwithstanding the similarity to S. breweri ssp.

breweri shown in Table 2, S. vemalis remains

most closely allied to S. morrisonii, a sympatric

species, as shown in the original paper.

Conclusion

Streptanthus barbiger and Streptanthus vemalis

are separate species. Morphology alone is suffi-

cient to distinguish the two species. Molecular
analysis supports the distinction, and points to

different origins for the two species.
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TO CALIFORNIA WITH JEPSON'S "PHYTO-JOGS" IN 1913
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Abstract

The Second International Phytogeographical Excursion of 1913 was initiated by University of

Chicago's Henry Cowles and represented the first international party of plant geographers to visit the

United States. Among the twelve Europeans who participated were Cambridge University's Alfred

Tansley, first president of the British Ecological Society (and later to coin the word "ecosystem"), and
Adolf Engler, taxonomist and biogeographer of Berhn's Royal Botanical Gardens. Arriving in New
York City at the end of July, the excursionists (nicknamed the "Phyto-jogs" by Willis Jepson) traveled

by train to the West Coast, with stops in a variety of ecosystems. After arriving at San Francisco Bay
from the Pacific Northwest in early September, the Phyto-jogs, guided by University of California's

Jepson, proceeded to Yosemite National Park for field trips and a famous group photograph among
Mariposa Grove's Giant Sequoias. On September 12 in Oakland, several of the European scientists

presented major lectures at the California Botanical Society's first annual banquet. The following days

included visits to sites of local interest, including Burbank's experimental garden. Mount Tamalpais
and Muir Woods with Alice Eastwood, and the Carnegie Institution's Coastal Laboratory at Carmel.

The last two days covered the California desert, including the Salton Sea, and Tucson's Carnegie

Desert Laboratory within the Sonoran Desert. A year later Professor Tansley, reflecting on the

phytogeographical diversity of America and the varied researches of its many energetic ecologists,

wrote: 'Tn that vast field of ecology America has secured a commanding position."

Key Words: California Botanical Society, Alice Eastwood, Adolf Engler, International Phytogeo-
graphical Excursion of 1913, Wilhs Jepson, Mt. Tamalpais, Alfred Tansley, Yosemite.

It was indeed a memorable congregation of

men and women gathered for a photograph at

the base of the General Sheridan Tree, a Giant
Sequoia {Sequoiadendron gigantum) in Yosemite
National Park's Mariposa Grove. The year was
1913, the date September 9. The special occasion

was a photo opportunity for, as Professor Jepson
nicknamed them, "The Phyto-jogs'' (Jepson

1913a, p. 201), members of the first international

plant geography tour to visit North America,
including California: "The Second International

Phytogeographical Excursion". This photo-
graphic memorabilia first appeared in print just

a tad over ninety years ago, on page 12 of the

first issue (1916) of Madrono, journal of the

newly formed California Botanical Society
(Fig. 1).

It is easy to pick out three of the women in the

group photograph, wearing jaunty white hats,

two with white blouses and long skirts. Edith
Tansley on the far left side of the picture was the

wife of eminent plant ecologist Alfred G. Tansley
from England's Cambridge University Botany
School, seated below her with hands clasped.

This very year Professor Tansley became presi-

dent of the world's first ecological society (British

Ecological Society), and two decades later (1935)
he would introduce an important new word and
concept into ecology: "ecosystem". Next to Mrs.
Tansley is Dr. Marie Brockmann-Jerosch, whose
botanist husband Henryk (above and to her left,

wearing a hat) and she were from Zurich,
Switzerland. Dr. Edith S. Clements is on the

opposite side of the group, below her husband
Professor Frederic E. Clements (he with black tie,

black hat band, and book in hand), botanist from
the University of Minnesota who was gaining

fame for his array of new ecological ideas and
terms associated with plant communities and
succession. Edith Clements herself would later lay

her claim to West Coast fame, writing a lengthy

article for National Geographic (May issue, 1927)

on "Wild Flowers of the West", profusely

illustrated with her beautiful color paintings, to

be embellished into a book in 1928, Flowers of the

Coast and Sierra.

The distinguished looking, rotund gentleman
on Edith Clements' right, with white waistcoat

over his paunch, is Dr. Adolf Engler, plant

classifier, editor, and biogeographer, from the

Royal Botanical Gardens and Herbarium in

Berlin. His system for taxonomically arranging

herbaria was used worldwide for years, as was the

monumental Vegetation der Erde that he edited.

Beside Engler is Professor Carl Schroter of the

Swiss Institute of Technology's Botanical Muse-
um in Zurich, with long gray beard and
mustache, his fedora's brim pushed up, looking

more like an old mountain man than a botany
professor. Between Schroter and Mrs. Brock-

mann-Jerosch, with anns folded, is University of

Chicago's plant ecologist Dr. Henry C. Cowles,

the editor of the Botanical Gazette, who like

Clements was developing ideas on plant succes-

sion, especially based on his work with Lake
Michigan sand dunes.
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Fig. 1. Group Photograph of Phyto-jogs at The General Sheridan Tree, Mariposa Grove, Yosemite National

Park, California.

Among others were Professor Carl von Tubeuf
of Munich's Forestry Research Institute (kneel-

ing on Professor Tansley's right, with a drooping
handle-bar mustache to match Schrdter's); tall

Dr. Carl Skottsberg of the University of Uppsala,

Sweden, on Mrs. Clements' left, with forearm
raised, and possibly above her University of

Amsterdam's Dr. Theodoor J. Stomps. Sitting

two to the right of Dr. Tansley in the photograph
is Dr. George D. Fuller (University of Chicago),

with Dr. Eduard Riibel of Zurich behind him,

and seated to Fuller's left Dr. Ove Paulsen of

Copenhagen's Botanical Museum, Denmark.
Behind Edith Tansley is moss authority Dr.

George Nichols of Yale University; and mostly

obscured behind Skottesberg, Dr. Harvey Hall,

co-author with his wife Carlotta of A Yosemite

Flora (1912). Elsewhere is Professor Jean Massart
of Belgium's Botanical Museum. Meanwhile,
front and almost center, sitting on the ground
to Tansley's left, in boots, suit coat, white shirt

and black tie, holding his western hat by one fist,

is U.C. Berkeley's botany professor Willis Jep-

son, "Chairman of the California Committee of

Arrangements" and first president of the new
California Botanical Society

The First International Phytogeographical
Excursion, organized by the British Vegetation

Committee and held in Great Britain in August,

1911, proved to be a great success. One partic-

ipant, American botanist Cowles, was inspired to

organize a similar international excursion to

introduce European botanists to the American
flora and become familiar with some of the New
World plant ecologists and their research. This

1913 excursion would start on the East Coast and
cross the country by train to the West Coast, with

a number of appropriate stops, and returning

through the Southwest (Tansley 1913, 1914;

Nichols 1914). As it turned out, there would be

nearly two hundred participants, including the

dozen foreign visitors, the American phytogeo-

graphical hosts, and researchers at the various

stops.

Almost a year ahead of time Cowles had
contacted professors Willis Jepson at the Univer-

sity of California (Berkeley) and LeRoy Abrams
at Stanford University about the California visit.

Soon a committee was formed to put together a

California itinerary that would appeal to bota-

nists interested in the developing fields of plant

ecology and biogeography. The premier visit

would be to Yosemite National Park and then

to one of the coast Redwood areas. With respect

to the latter, the Stanford botanists—George
James Pierce, William Cooper, and especially

Abrams—favored Big Basin (California Red-

wood Park) and, understandably, the Stanford

campus, while the Berkeley and California

Academy of Sciences savants favored Muir
Woods and Mt. Tamalpais. There were sugges-

tions for a bayside brine pond tour by Professor
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Pierce, and a marine algal field trip led by

Professor Setchell of the University of California

at Berkeley. James Barr, manager of the forth-

coming (1915) Panama-Pacific International Ex-

position at San Francisco, optimistically hoped a

presentation could be made for the "distin-

guished visitors", extolling the proposed attrac-

tions of the forthcoming exposition, to drum up
interest in international attendance. However,
this presentation never materialized. After San
Francisco, the excursion was to proceed to the

Carnegie Institution's new Coastal Laboratory at

Carmel, with a return east by way of the Carnegie

Institution's Desert Laboratory in Tucson, Ar-

izona.

Now at last, in New York City during the

closing days of July, 1913, many members of the

European traveling party convened and were

armed with six detailed sectional programs
describing the impending continental tour. Short-

ly they were whisked off to see an "edaphic

prairie" on Long Island, the pine barrens in New
Jersey, stop-offs at the botanical garden in

Brooklyn and the more famous one in the Bronx.

Then the participants were on their way to

Chicago for a welcome by University of Chica-

go's botanist John M. Coulter, field trips to

remnant low and high prairie, a beech-maple
woodland, and exploration of the Lake Michigan
sand dunes where Cowles had pursued his

research.

Early the second week of August the excursion

arrived in Lincoln, Nebraska. Greeted by Pro-

fessor Charles Bessey and a temperature of

108 degrees in the shade, there was the Commer-
cial Club's afternoon tour of the Lincoln Prairie,

accompanied by Nebraska's governor, followed

by Dr. Raymond Pool's lantern-slide lecture on
Nebraska sand hills vegetation. In mid-August
several days were spent around a short-grass,

high-plains agricultural experiment station near

Akron in southeast Colorado, hosted by Colo-
rado ecologist Dr. Homer Shantz and joined

there by Frederic Clements and his wife. Next
was the Pikes Peak region, first with a day in the

unique ponderosa pine "Black Forest", which
extends eastward on an elevated sedimentary

plateau surrounded by plains grassland.

The following week was with the Clements at

Minnehaha-on-Ruxton summer resort, their

mountain ecology research retreat (the Alpine
Botanical Laboratory), alongside the famous
Pikes Peak Cog Railway several miles up
Engelmann Canyon (named after famous bota-

nist George Engelmann of St. Louis). Here
during the week the Phyto-jogs were joined by
Dr. Engler from Berlin. Next, aboard the Denver
and Rio Grande train it was across the continen-

tal divide at Tennessee Pass, through the Great
Basin shadscale desert, and up Price River
Canyon to Salt Lake City. There, after The

Commercial Club's luncheon, a visit through salt-

flat brushland ended with a quick saline dip at

Saltair Beach alongside the Great Salt Lake.

Sunday, August 24, was spent to the south in the

Tooele Valley, where Department of Agriculture

botanists had carried out an intensive floral study

just a year earlier.

The next week involved railroading through
sagebrush and forest lands to the state of

Washington, especially around Mount Rainier,

then into Oregon by train on September 2. The
three days at Medford, hosted by the Commercial
and University clubs, included a caravan of seven

private autos on a junket into coniferous forest

surrounding volcanic Crater Lake, and a tour of

Medford's orchards, famous for their pears.

On September 6 the Southern Pacific Rail-

road's "Shasta Limited", bound for California,

departed south into the Siskiyou Mountains,
through the Siskiyou Tunnel; and while dusk fell,

"caught our last glimpse of the magnificent snow-
covered summit of Mount Shasta" (Tansley 1914,

p. 271). At dawn the Phyto-jogs were to look out

the train's western windows onto the shoreline of

San Francisco Bay.

On Sunday morning, September 7, 1913, the

party of European and American natural scien-

tists were greeted by Professor Jepson at the 16th

Street train station and headed on for breakfast

at the pier. For each person, a California

excursion program had been prepared, including

the travel schedule as well as detailed botanical

and geological information. The Southern Pacific

Company had put together a special scenic folio,

"I.P.E. in America", individually embossed with

each participant's name, containing twenty large,

beautiful photographs "showing some of the

more remarkable features of the State", including

Mt. Shasta, Muir Woods, Yosemite's El Capitan,

and Palm Canyon in the Colorado Desert

foothills (Jepson 1913b, no. 527).

The original trip itinerary had been so specific

that it listed five-minute arrival and departure

times for some stops. Naturally the fine-tuned

schedule soon became obsolete. Monday, the first

full excursion day in California, was to be spent

touring the Mount Tamalpais region. But an

eleventh-hour change of plans "threw out of

joint" the program Jepson had meticulously

prepared for the printer. Instead, immediately

after Sunday breakfast the entourage departed by
train for El Portal, gateway to Yosemite National

Park (Jepson 1913a, 1913 1914).

In the hot, dry San Joaquin Valley there was a

lunch stop at Tracy. Transferring to the Yosemite
Valley Railroad at Merced, enthusiasm height-

ened with the entry into Merced River Canyon
and the changing foothills panorama of blue oak
{Quercus douglasii), gray pine {Pinus sahinicma),

California black oak {Quercus kelloggii), and a

patchwork of buckbrush {Cecmothus cuneatus).
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manzanita {Arctostaphylos) and chamise {Ade-

nostoma fasciculatum). Next morning at the El

Portal Hotel the Yosemite Transportation Com-
pany's largest (seventeen-passenger) horse-drawn

stage and a smaller one picked up the excursion

members, and three hours were spent, guided by
Willis Jepson and Harvey Hall, touring Yosemite
Valley, with a lunch stop at historic old Sentinel

Hotel near Yosemite Falls. Then it was into two
small stages of the Big Tree Line, heading south

with time for a photo opportunity of the valley

from Artist's Point, on past Chinquapin Junction

as the sun set, and to the Wawona Hotel for the

night, pausing "occasionally for a few minutes at

points of interest."

Tuesday was the all-day trip southeast to the

lower and upper stands of giant sequoias in

Mariposa Big Tree Grove. At first "sight of the

great giants". Dr. Schroter "took off his hat and
waved it wildly!" (Jepson 1913-1914, p. 2). Here
four leisurely hours were spent in the impressive

forest. Jepson, anticipating that the Phyto-jogs

would cherish a diminutive sequoia cone, un-

reachable from the high branches, had arranged

with "Mr. Zeus, a Greek citizen, and coworker
with Mr. Franklin and Mr. Farraday, to strike

gently the top" of the Indiana Tree, to provide

cones for inspection and collection (Jepson 1916,

p. 14). At the General Sheridan sequoia near Big

Tree Cabin, an 1885 replica of grove-discover

Galen Clark's old homestead, official Mariposa
Grove photographer Baxter took the memorable
group picture. In the lower grove, eleven Phyto-

jogs clambered atop the base of The Fallen

Monarch for another picture, matching the one
in their Southern Pacific Company's scenic folio

portraying the U.S. Army's Sixth Cavalry lined

up on and alongside the Monarch with many of

their horses. Late afternoon came the return to

Wawona Hotel and a welcome night's sleep.

The following day, September 10, the troupe

was off to the Yosemite high country at Glacier

Point, through beautiful stands of tall California

red firs {Abies magnified) with an array of late-

season Sierran flora which aroused "the some-
what jaded spirits of the party" (Jepson 1913a,

p. 193). After a luncheon along the Glacier Point

roadside near Peregoy Meadow, there was a little

time for the botanists, who had received special

permission from the national park to make plant

collections. Jepson was amused to watch the

participants at their respective pursuits: Schroter

and Engler were zealous collectors; Clements
would pick up "scraps," ask Jepson or Hall to

identify the plants, then throw the scraps away.
Administrator Cowles "does not collect at all"

(Jepson 1931c, p. 193).

Reaching Glacier Point in mid-afternoon,
select stalwarts scaled the nearby granite summit
of Sentinel Dome with its interesting xerophytic

plants, Engler climbing "nearly to the top but not

quite." Choicest discovery was "the rat-tail,

Stellariopsis" (now Ivesia santolinoides, its slen-

der, silvery, densely haired leaves worthy of
today's common name, mousetail Ivesia). Schro-

ter declared ecstatically: "that species alone was
worth the trip" (Jepson 1913-1914, p. 5).

On September 11, after over-nighting at the

Glacier Point Hotel, many of the party com-
menced the twelve-mile hike from Glacier Point

down the Illilouette Trail past Illilouette Falls,

Nevada Falls, Vernal Falls, and finally onto the

valley floor and east towards Camp Curry.

Robust Dr. Engler was exhausted by the long

trekking at high altitude, but none the less he

refused to ride the horse awaiting him below
Vernal Falls, and trudged on to Camp Curry.

There awaiting him, of all things, was his

valuable pocket watch, accidentally left behind
at the Glacier Point Hotel but delivered by
courier down the literally vertical Four-Mile-

Trail from Glacier Point. Incidentally, during the

scenic descent along the Illilouette Trail into the

incomparable Yosemite Valley, Jepson observed

the Europeans' "wonder grew and grew" (Jepson

1913-1914, p. 5).

Originally the schedule called for spending the

night at Camp Curry, the main valley hostelry.

Indeed, David Curry had planned for the eminent
group "the biggest fire-fall (smoldering Califor-

nia red fir embers dumped over the cliff from
Glacier Point) and the biggest camp fire", and
around the flickering light of the fire a sympo-
sium on the formation of Yosemite Valley

(Jepson 1913b, no. 395). But alas, there was only

time at Camp Curry for a late lunch, then by
stage back to El Portal for the night, and onto the

train next morning for "the long tedious hot

dusty" trip to Berkeley.

The exhausted excursion members were re-

turned to Berkeley's Hotel Shattuck on Friday at

4:30 p.m.; but the day was by no means over as

they were scheduled for the first banquet of the

newly formed California Botanical Society in

downtown Oakland that evening! Somehow
hastily groomed, the excursionists filed into a

private dining room at Hotel Oakland promptly

at 7 p.m. on the 12th of September 1913 (Jepson

1916, pp. 14^18).

At the banquet Professor Jepson, first presi-

dent of the new society, greeted the assemblage of

more than a hundred, noting that the Phyto-jogs

had just returned from Yosemite, "laden with

botanical spoils, and covered impartially with the

dust of the San Joaquin." Even Jepson himself

had managed to garner 46 specimens. He went on
to emphasize that this group of international

natural scientists represented a new school, the

plant ecologists, "who are leading us back to the

field and woods ... making important use of the

observations of the old-time naturahsts." Dr.

Setchell from Berkeley then welcomed the visitors
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on behalf of the University of California, wishing

them "the greatest success in their further studies

in this state." At this point President Jepson

introduced Dr. C. Hart Merriam, eminent for his

distributional work with both plants and animals,

resulting in the life zone concept. Merriam noted

the "special interest that California has for the

naturalist from the great diversity of its soil and
climate conditions." His brief comments were

followed by Jepson's presentation of Dr. David
Barrows, acting president of the University of

CaHfornia, who early in his professional career

had researched the ethno-botany of California's

Cahuilla Indians.

Jepson then turned to Professor Tubeuf of the

University of Munich. Dr. Tubeuf, apologizing

for speaking in German, expressed thanks for the

princely hospitality of the gentlemen, and espe-

cially, the ladies present; the latter "fair as your

skies, rosy as your wine". Indeed they were the

only group of American women the Excursion

had socialized with in the New World. Dr.

Tubeuf reflected that as a lad he had read "of

your high mountains, wonderful trees, and fields

of glorious bloom." And it "was the dream of my
youth to see this paradise." For Tubeuf the high

point of the CaUfornia visit so far had been the

Mariposa Grove. Standing among the immense
conifers, he thought he fleetingly glimpsed a

butterfly. "It alighted; and behold it was no
butterfly but a bird, a hummingbird. How most
remarkable, at the same moment to see the

smallest of birds and the greatest of trees." In

closing, Tubeut praised "the freedom, the aban-

don, the largeness, the youth of your Western
life." And he expressed the hope that the new
"California Botanical Society will live to the age

and dignity of your mighty Sequoias."

At last Jepson had "the especial honor of

presenting Dr. Engler, Director of Berlin's Royal
Botanical Gardens, who, apologizing for his

limited English, made a well received presenta-

tion, after which the entire audience rose and
drank a toast to the eminent scientist." Finally,

the crowd moved to the hotel ballroom where
Switzerland's Dr. Schroter presented a lecture on
the flora of the Alps, illustrated with beautiful

lantern slides, a talk delivered in English "which
was excellent for a man who had just given only a

few months to the language" (Jepson 1913a,

p. 198). Incidentally, the original anticipation

was to have Dr. Schroter's lecture paid for by
the University of California or by Stanford, but it

turned out that neither institution, as Stanford's

Professor Pierce observed, would be "exactly

lavish in its official recognition of the German
Imperial Botanist or any of the others." World
War I, of course, commenced the next year

(Jepson 1913b, no. 627).

At evening's end Professor Schroter expressed

to Jepson that "it was the finest dinner and

grandest occasion the party had experienced since

landing in America" (California Botanical Society

Collection 1913, letter, Jepson to Mrs. D. Van de

Veer, Sept. 15, 1913). Overall, Jepson concluded
that "the dinner was excellent, the speeches were
satisfactory and our guests seemed thoroughly to

enjoy themselves" (Jepson 1913a, p. 196). But

undoubtedly the salient memory of this banquet
which would linger most indelibly for many was
the sudden appearance of botanist Sarah Lemmon
at the podium (Jepson 1913b, no. 622). As Jepson
stood up to introduce President Barrows, she

materialized from the audience (though she had
not been invited), "interrupted the programme,
seized the floor and sailed grandly on", narrating

the manifold but unappreciated past achievements

of forester-husband John Lemmon (who had died

in 1908), as well as those of Sarah herself, who had
by 1903 successfully championed the California

poppy {Eschscholzia californica) as the state

flower. Jepson later wrote southern California

botanist Samuel Parish that "Thus are pro-

grammes smashed in the interests of free speech . .

.

I am sure you will be heartily pleased to know that

Mrs. Lemmon's brilliance and safeguards against

interruption when talking have not been dimin-

ished by years or the ravages of time" (Jepson

1913b, No 622).

Next morning, Saturday, the Phyto-jogs were

dispersing in various directions around San
Francisco, some to the University of California

campus, to Stanford University, to salt marshes

along the bay near Redwood City, and to nearby

artificial brine ponds to view "organisms living

under fatal conditions" (Jepson 1913b, no. 627),

still others to see more redwoods and chaparral.

Professor Jepson took Schr5ter and Stomps up to

Santa Rosa to visit Luther Burbank, with whom
Jepson had made an appointment (Jepson 1913a,

pp. 198-201). After Burbank warned them that he

restricted his tours to five minutes, Burbank
ushered the botanists into his garden, pointing

out exotics he had procured from various places.

These were of little interest to the special visitors,

who preferred to see some of Burbank's experi-

mental plants. Schroter and Stomps were partic-

ularly impressed by the unique prickleless black-

berries (Santa Rosa and Sebastopol Rubus) that

Burbank demonstrated by leaning over and
rubbing his cheek along the branches. When
Burbank noticed a crowd of tourists peeking into

the garden at the little group of savants, he half-

snarled to Jepson "See there, I can't come out here

but people begin to gather. There was a regular

riot one day and I had to send for the police!"

Sunday's excursion for the Phyto-jogs was to

Mount Tamalpais and Muir Woods (Fig. 2), with

Jepson turning the guiding over to Alice East-

wood of the California Academy of Sciences

(Jepson 1913b, no. 444^45). It was a well

organized day. Coming across by ferry from the
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East Bay to Sausalito, the people ate breakfast on
the boat. Met by Alice Eastwood, the party

entrained for Mill Valley and was ready for the

8:15 Mt. Tamalapais and Muir Woods Train. As
time permitted, there would be hikes which
featured the flora of the Redwood forest and
the coastal mountain chaparral. On the Rock
Spring Trail the plant ecologists could see the

pecuHar vegetation which grows on serpentine

outcrops, and from the scenic train the early July

fireburn was visible, with "vigorous" new
growth. Alice had obtained free passes on the

electric railway (but forgot to get one for herselO,

and she had prevailed on her Botany Club to

underwrite a free luncheon at West Point Inn, the

terminus of the train line near the mountaintop.
Most impressively, Alice managed to secure

complimentary beer for the European visitors

during the heat of the September afternoon. The
day on "The Mountain," as she put it, indubi-

tably proved to be the "only free entertainment of
the Excursion!" (Wilson 1955, pp. 132-133).

Some forty years later, Miss Eastwood would
have appreciative reason to recollect Dr. Skotts-

berg of Sweden with whom she became acquaint-

ed on the Mt. Tamalpais junket. It was upon his

recommendation that she was invited to be
honorary president of the Seventh International

Botanical Congress in Uppsala (Wilson 1955,

p. 132; Bonta 1992, p. 102). At Tamalpais,
however, Eastwood had devoted much of her

attention to Dr. Engler, taking him along a

special trail where she pointed out the different

species of manzanita {Arctostaphylos) and two
silk-tassels {Garrya elliptica and G. fremontii),

new to him (Wilson 1955, pp. 132-133). Engler,

as a botanical garden man himself, told East-

wood that the San Francisco Bay region would
be a wonderful site for a botanical garden, and
she confided her hopes that one would eventually

be developed in San Francisco's Golden Gate
Park. Of course, the Conservatory of Flowers

had been initiated there about twenty-five years

earher; and in 1940 the Strybing Arboretum and
Botanical Gardens would be officially opened.

From San Francisco, with Jepson and East-

wood now freed of hosting responsibilities, most
members of the International Phytogeographical

Excursion on September 15 traveled south by
train to Carmel and the Carnegie Institution's

Coastal Laboratory. Here they spent two days

under the guidance of Daniel T. MacDougal,
director of the Carnegie Desert Laboratory
founded at Tucson, Arizona, late in 1902. Aiding

MacDougal as "his wilHng lieutenants" were W.
A. Cannon, his former New York Botanical

Garden colleague, now Resident Investigator at

the Desert Laboratory, Godfrey Sykes, the

laboratory's manager, and Forrest Shreve, on
his way to becoming one of the Southwest

deserts' foremost plant ecologists and in 1915 a i

founder of the Ecological Society of America.

It wasn't just torrid desert heat in Arizona
\

which had encouraged the Carnegie Institution to
|
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set up summer headquarters for the Desert

Laboratory at Carmel (Howard 1945, pp. 433

446; McGinnies 1981, pp. 10-14). Becoming
interested in Burbank's plant breeding experi-

ments, the Institution in 1905 initiated a five-year,

$50,000 grant to assist Burbank's work, and sent

out botanist Dr. George ShuU to cooperate with

Burbank in his research at Santa Rosa. By 1907,

with Burbank and Shull at an impossible scientific

and personality impasse. Cannon from Tucson
replaced Shull. During that summer Cannon
became familiar with officers of the Carmel
Development Company on the Monterey Penin-

sula, resulting in an enthusiastic offer from the

company to build an adjunct laboratory for the

Carnegie Institution at Carmel-by-the-Sea near

the cool California seashore. Two years later, by
which time Burbank had become persona non
grata as far as Carnegie scientists were concerned,

the laboratory became the summer headquarters

for the Desert Laboratory. By 1913 when the

Phytogeographical party visited, the so-called

Coastal Laboratory was an integral part of the

Carnegie's Department of Botanical Research.

Here on the Monterey Peninsula, the "center

of one of the most remarkable communities of

endemic plants in existence," (Nichols 1919,

p. 63) the Phyto-jogs hastily reveled in the

natural bounty, from Monterey pine (Pinus

radiata), Monterey cypress {Cupressus macro-

carpa), and oak woodlands to chaparral and
sand dune, ably tutored by Stanford's Abrams
and Cooper. Meanwhile, Berkeley's Setchell

focused on the peninsula's panoply of coastal

seaweeds. During the Phyto-jogs brief stay,

MacDougal and his colleagues, with a generous

special grant from the Carnegie Institution,

lavished "to the needs, both physical and
intellectual, of the visitors." As ecologist Tansley

later reflected, "this portion of the tour fomied a

most brilliant close to a brilliantly successful

excursion" (Tansley 1914, p. 325).

On Wednesday morning, September 17, the

remaining excursionists boarded the Southern
Pacific train for Los Angeles (Tansley 1914,

pp. 326-333). How appropriate for the Europe-
ans and Easterners aboard this "Wild West"
train that near San Luis Obispo there should be
an exciting "hold-up". A fire in a railroad tunnel

forced the train passengers off the train. With
luggage in hand they had to hike for a mile over a

mountain path through smoldering chaparral,

the night illuminated only by railroad men's
lamps and torches. A rescue train beyond the

tunnel took the party on to an unscheduled stop

at Santa Barbara, with a morning visit to sub-

tropical gardens and the old Spanish mission.

Then there was dinner in Los Angeles and all

aboard the night-train east to the desert.

The last day in California was spent with a

morning tour from Mecca to the Salton Sea

(below sea level), formed by accidental diversion

of the Colorado River into a playa basin, but

since 1907 slowly evaporating. Here the Phyto-

jogs took note of the changing plant distribution

along the advancing shoreline. By the next year

MacDougal would publish his own Salton Sea
succession observations in The New Phytologist.

During the afternoon a stop was made at a

flourishing date palm plantation near Mecca,
where it was noted that the temperature that day
only reached 1 1 5 degrees in the shade. During the

evening of September 19, the Southern Pacific

train carried the international party over the

Colorado River about eight miles north of

Mexico and out of the Golden State into the

newly formed State of Arizona.

The botanists awoke to a Sonoran Desert vista

of Giant saguaro {Cereus giganteus) cacti as they

sped by train for Tucson and the Desert
Laboratory for a several-day stay. There they

spent a day touring the laboratory's site on
Tumamoc Hill, had another group photograph,

and the next day explored by motor the botanical

diversity of the Santa Catalina Mountains,
backdrop of Tucson. Then they divided into

two parties, one of which visited the Grand
Canyon while the other made a circuit up the

north slope of Mt. Lemmon, named in honor of

botanist Sarah Lemmon, who in 1881 was the

first white woman to reach its summit. Yes

—

none other than the unexpected disrupter of the

grand California Botanical Society banquet!

The West Coast excursion of the Phyto-jogs had
essentially reached its conclusion. The general

response of the European scientists to the

CaHfornia exposure was well summed up by
Professor Tubeuf, writing Professor Jepson from
Munich, Germany, on November 23, 1913 (Jep-

son 1913b, no. 710): "I shall never forget the

beautiful days in California and am now working
with the greatest pleasure on my notations,

photographs and collections ..." The retrospective

observation from the Excursion by Dr. Brock-

mann-Jerosch took a sHghtly different twist: "Ach,

Gott, dies ist kein Urwald. Sehen Sie nur die

Stumpfen!" ("Oh, God, this is no virgin forest.

You see only the stumps!" (Sears 1969, p. 131).

Inevitably it would be phytogeographer Alfred

Tansley who put into print in The New Phytol-

ogist the revelation of the Phyto-jogs' exhaustive

excursion across the varied ecosystems of the

United States, and the numerous phytogeogra-

phers enroute who were already busy studying

the diversified ecological bounty: "...the most
vivid impression I personally obtained was of the

earnestness and single-mindedness of American
science. In that vast field of ecology America has

secured a commanding position and from the

energy and spirit with which the subject is being

pursued by very numerous workers and in its

most varied aspects, there can be little doubt that
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her present pre-eminence in this branch of

biology—one of the most promising of all

modern developments—will be maintained"
(Tansley 1914, p. 333).

None of these distinguished foreign scientists

would ever return to California and become
residents. But Professor Adolf Engler's Reprint

Collection, 183 linear feet including some 25,000

items, purchased from Engler's widow by Her-

man Knoche and presented to the Dudley
Herbarium in 1945, now resides at the Cahfornia
Academy of Sciences (Daniel personal commu-
nication).
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Some prominent ecologists have stated that

serpentine soils (soils with ultramafic parent

materials) are azonal. Actually, only a small

percentage of the serpentine soils are azonal. In

order to rectify the inappropriate characteriza-

tion of serpentine soils as azonal, it is helpful to

review the origin and application of the zonal,

intrazonal, and azonal terms in soil classification.

A soil classification system based on the zonal,

intrazonal, and azonal concepts was first devel-

oped by Sibirtzev in Russia (Glinka 1914). These

concepts were subsequently utilized in the USA
(Marbut 1927). Then they were abandoned in the

precursor to the present Soil Taxonomy of the

USDA (Soil Survey Staff 1960), because the

zonal concepts are too ''arbitrary" to apply

objectively and consistently (Kellogg 1963).

Zonal soils are those that reflect the influence

of the regional climate. Very shallow soils and
soils in recent alluvium, volcanic ash, eolian sand,

or loess that lack significant pedological devel-

opment are azonal soils. They are those rudi-

mentary soils that in similar deposits are similar

in all climatic regions (or zones), ignoring

vegetative differences. Intrazonal soils are those

that reflect the influence of local conditions such

as poor soil drainage that make the soils different

from the "normal" zonal soils.

A major problem with these concepts is

deciding what is normal. Is it a 10,000 yr old soil

in glacial drift or is it a 100,000 yr old soil on
basalt, granite, or serpentinized peridotite? The
decision might depend on the common lithology

in a region, but the soils in a region with

predominantly one of these parent materials

(for example, granite) might be quite different

from the soils in a climatically similar region with
different parent materials (for example, basalt).

In fact, well drained and developed serpentine

soils (those other than Entisols) might be
considered zonal soils in a region where the

lithology is predominantly ultramafic rocks.

Most serpentine soils in the botanical California

Region are Alfisols, Mollisols, and Inceptisols

(Alexander et al. 2007). Only Entisols might
definitely be called azonal soils, and Entisols

occupy only about 0.8% of the serpentine area in

the Region (Alexander 2004). Therefore most of

the serpentine soils are either zonal or intrazonal,

depending upon how one applies these concepts.

Those who consider ultramafic rocks to be unusual

components of the continental crust would assume
that most serpentine soils are intrazonal.

The zonal-intrazonal-azonal concepts are very

useful, even though they are insufficiently defin-

itive to use in a modern system of soil classifica-

tion. The zonal and intrazonal concepts can be

applied to plant associations as well as to soils.

Zonal plant associations may be common on
zonal soils and intrazonal plant associations may
be common on intrazonal soils. The azonal

concept, however, is not easily applied to plant

communities. Perhaps the plant associations that

conform most closely to the azonal concept are

those in early stages of succession. Some plant

species, such as Bryimi argenteum Hedwig and
Achillea millefolium L., have the azonal charac-

teristics of being widespread across many climatic

zones, but the azonal concept may not be

applicable to plant associations.
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EVIDENCE OF EXTREME ROOT PROLIFERATION IN RESPONSE TO THE
PRESENCE OF A NUTRIENT RICH RESOURCE PATCH BY

ERIOGONUM PARVIFOLIUM
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Abstract

I discovered evidence of extreme root proliferation by Eriogomim parvifolium following the recovery

of skeletal remains of a large, radio-tracked snake buried in the sand dune environment at the Tijuana

Estuary in San Diego, California. Located beneath an isolated E. parvifolium, the recovered remains

were grossly entangled by a large number of roots generally absent from the adjacent soil. The

apparent massive localized proliferation of roots suggests decomposition of the animal created a

favorable soil mosaic readily utilized by the plant in an otherwise low nutrient environment.

Key Words: Root proliferation, Eriogonum parvifoliunu nutrient patch, root growth response,

resource heterogeneity.

A number of plant species show plastic growth

responses when associated with the patchy

distribution of resources (Robinson 1994; Hodge
2004). One type of growth response expressed

when a plant encounters a nutrient rich patch of

resources is the proliferation of lateral root

branching (Hodge 2004). This can be massive in

a region well supplied with a nutrient when the

remainder of the root system is nutrient deprived

(Robinson 1994). Eriogonum parvifolium Smith

(Polygonaceae) is a woody perennial shrub

common to stabilized sand dune formations in

the coastal area of central and southern Cahfor-

nia (Purer 1936). In dune environments individ-

uals of this species can attain 0.3 m to 1.0 m in

height and 0.5 m to 2.0 m in spread with the

taproot extending to a depth of 1.2 m and lateral

roots spreading out two to three times as far as

the parts above ground (Purer 1936; Hickman
1993). Sand dunes are low nutrient environments

that show considerable resource heterogeneity

(Hesp 1991). Living in the low resource environ-

ment associated with sand dune formations, E.

parvifolium may show a significant root growth

response following an encounter with a large

nutrient resource. Here, I provide evidence of

extreme root proliferation by E. parvifolium in

response to encountering a rich resource patch,

specifically a >500 g buried animal corpse.

In 2002, as part of a multi-year study on the

space-use behavior of the Coachwhip Snake

{Masticopliis flagellum), I tracked 12 Coachwhips
surgically implanted with radio-transmitters at

the Tijuana River National Estuarine Research

Reserve in San Diego County, California

'Present Address, Green Shield Ecology, 15360

Barranca Parkway, Irvine, CA 92618.

(32°34'N Latitude, 117°07'W Longitude, 0-6 m
elevation; see Mitrovich et al. in press). The
1024 ha research reserve, bordered by the cities of

Tijuana (Mexico) and Imperial Beach (USA), is a

complex landscape with tidal marsh, alkali flats,

fallow agricultural fields, riparian woodland,

upland sage scrub, and sand dune habitats. The
dune formations are limited to a narrow strip i

bordering the ocean and characterized by short
\

dunes rarely reaching further than 125 m inland.

The dunes lack trees and are largely vegetated by '

low-lying perennial plant species including Abro-

nia umbellata, A. maritima. Ambrosia chamissonis,

A triplex leucopliylla, Calystegia soldanella, Ca-
\

missonia cheiranthifolia, E. parvifolium, and Rhus !

integrifolia.

On August 10, 2002 one of the radio-tracked

snakes, a large, 1.13 m (snout-to-vent length),

560 g female, who had been active in the dune

environment throughout the spring and summer
seasons, was recorded using a rodent burrow

located in a small, isolated dune partially covered

by E. parvifolium. The use of a small mammal
burrow as a retreat site is not uncommon for M.

flagellum. However, this individual showed no

movement away from the burrow the rest of the

year through the spring of 2003. As a result of i

detecting no movement the following spring i

when all other tracked snakes were emerging
\

from winter hibernation, I concluded the radio- i

tagged M. flagellum had died the previous fall or I

winter.

This was confirmed when I dug-up the remains

of the animal with the still functioning transmit-

ter on May 28, 2003, 290 days after the snake wae

first recorded as entering the burrow. I recoverec

the remains of the snake approximately 0.6 m tc

0.7 m below the surface of the sand dune. Tht i
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remains were located directly beneath a single,

large E. parvifolium. The burrow had collapsed

and the transmitter, although intact, was sepa-

rated from the remains by several centimeters.

Only skeletal remains were left. No soft tissue or

skin of the animal was present. The snake's

vertebral column was not complete as it was
broken in several sections and not all sections

were recovered.

Although the root structures of E. parvifolium

were largely absent from the excavated soil

removed during the digging process, a large mass
of fine roots from the plant were entangled with

the recovered segments of the vertebral column.
The roots were so completely entwined with the

vertebrae it was not possible to collect segments
of the vertebral column without also harvesting

roots. It appeared as though the roots entwining

the skeletal remains were still connected to the

root system of the plant. The way the roots had
grown so tightly around the skeleton suggests the

soil was nutrient-rich in the immediate vicinity of
the animal's remains. As microbes in the soil

broke down the animal tissue during the preced-

ing months, the subsequent release of nutrients

(e.g., N, P, Ca) was likely to be high and highly

desirable by the plant, explaining a realized

benefit behind the proliferation. Decaying verte-

brate tissue is known to enrich adjacent soil

horizons (Adl 2003).

Collectively the evidence suggests E. parvifo-

lium responded to the resource-rich patch by
increasing occupation of the immediate area

surrounding the body. This evidence for signifi-

cant root proliferation in E. parvifolium is not
surprising given the environment (i.e., nutrient

poor soils) where the response occurred. It is

specifically in these nutrient poor soils where
plasticity of root growth is expected to be most
extreme following an encounter with a large

resource patch (Robinson 1994). Clearly, the

500+ g animal corpse created a large organic
input to the otherwise resource poor environment
of the sand dunes. Plant-animal interactions are

often categorized as mutuahstic (e.g., pollination,

seed dispersal) or antagonistic (e.g., herbivory;

Gurevitch et al. 2006). Animal droppings are well

known to contribute to soil quality mosaics that

favor some plants' growth (Harper 1977). Crea-
tion of a favorable soil mosaic during decompo-
sition is an additional benefit, albeit inadvertent.
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Plant Invasions: Human Perception, Ecological

Impacts and Management. Edited by B. TO-
KARSKA-GUZIK, J. H. Brock, G. Brundu, L.

Child, C. C. Daehler and P. Pysek. 2008.

Backhuys Publishers, Leiden, xvii + 427 pp., 103

figures, 50 tables. Paperback, Euro 126.00, ISBN
978-3-8236-1528-6.

Over the last two decades, plant invasions

have become a subject of an increasing number of

national and international meetings. This volume
presents key contributions from the 8th Interna-

tional Conferences on the Ecology and Manage-
ment of AHen Plant Invasions (EMAPi), held at

the University of Silesia, Katowice, Poland, in

2005. In total, 27 chapters were written by 71

authors from 18 countries and four continents.

The volume is divided into four sections: 1

—

Human perception and role in biological inva-

sions (four chapters), 2—Biology, ecology and
distribution of invasive species (seven), 3

—

Invasibility of habitats and impacts of invasive

species (12), 4—Control and management (four).

As in the previous EMAPi volumes, standardized

international terminology is used (Richardson et

al. 2000, Pysek et al. 2004).

First, browsing through the Contents, we may
be somewhat disappointed that only two contri-

butions are from the USA (C. C. Daehler:

Invasive plant problems in the Hawaiian Islands;

J. H. Brock: Ecology and management of Alhagi

maurorum in Arizona). Nevertheless, because

plant invasions are a global problem, we can
learn important lessons from studies conducted in

Australia, Europe, or Africa. Moreover, several

contributions in this volume are of general

importance, addressing very basic questions of

invasion biology. For example, Daehler's analysis

of major motivations for plant introductions in

Hawaii (nostalgia, neophilia, economics, im-

provement of ecosystem services) could serve as

a model for similar studies in other countries.

Similarly, approaches used in the chapter by
Philip Hulme and co-authors on multiscale

analyses of plant invasions to Mediterranean
islands could be applied in different parts of the

world. Twenty contributions from different parts

of Europe serve as examples of a very well-

organized research on plant invasions over this

continent. Recent publication of the European
catalogue of all known invasive species (DAISIE
2009) is an impressive result of cooperation

across Europe.

The book is very well edited and packed with

interesting data. However, as in the previous

volume that I reviewed for Madrono (Rejmanek
2003), one chronic weakness of plant invasion

biology still remains: a lack of rigorous evidence

for assumed harmful impacts of invasive taxa in

natural and seminatural areas. The phrase
"ecological impacts" is in the title of this new
volume, but only a very few contributors are

dealing with this topic. Moreover, if they do, their

conclusions are based on descriptions of pairs of
invaded and non-invaded plots (space for time

substitution). The only exception is experimental

study on competition between Acacia longifolia

and native woody species in Portugal (Christiane

Werner et al.).

Although, unfortunately, rather expensive for

a paperback ($161), this volume is definitely

worth attention of all botanists interested in plant

invasions.

—Marcel Rejmanek, Section of Evolution and
Ecology, University of California, Davis, CA 95616;

mrejmanek@ucdavis.edu.
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The California Deserts: An Ecological Rediscov-

ery. By Bruce M. Pavlik. 2008. University of

California Press, Berkeley and Los Angeles, CA
and London, UK. 384 pp. ISBN 0-520-25140-7

$60.00, hardcover. ISBN 0-520-25145-8 $27.50,

paper.

People around the world have an unquench-|

able fascination with deserts. The California

Deserts: An Ecological Rediscovery by Bruce

Pavlik will help to fill the niche in any library

for deserticolous or desertophilic readers thirsty

for interesting knowledge about the three deserts
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of California. This is not the first book penned on
the subject, and will not be the last. But Pavlik

has made an attempt to combine and weave
together, in a fairly readable and colorfully

illustrated fashion, a broad range of topics on
"the California desert bioregion." To appreciate

these wonderful natural resources, ultimately one

needs to appreciate that our desert bioregion has

been an ever-changing landscape. Derivative

desert life forms have evolved in a cumulative

manner from lineages inhabiting western North
America during wetter epochs. The compositions

of the present communities have been so highly

modified during fluctuations in climatic and
geologic conditions, and human activities, that

none of us would probably recognize the original

formation. Now we have the privilege and
responsibility to understand how the ecosystems

function, and in the pursuit of that goal to

reconstruct the whys. Pavlik's point, proposed by
his subtitle {cm ecological rediscovery), is that

biologists were not the first to discover the nature

of California's deserts, but that humans living

here for thousands of years knew many secrets

and essences of desert life, therefore scientists

have often rediscovered what the original inhab-

itants already experienced.

Most readers will likely appreciate the author's

introduction to folk knowledge of desert via a

fictionalized narrative, of how an ancient seed-

carrying basket was left within a small cave in

Eureka Valley, found the next century by famous
desert naturalist Mary DeDecker, and how that

basket led to rediscovery of ancient knowledge.
Next we read a condensed historical account of

how westerners successively visited California's

deserts and learned from the original inhabitants,

leading eventually to scientific curiosity and our
modern knowledge. Following are chapters on
the complex physical origins and abiotic charac-

teristics of deserts; on the creatures, present and
past, inhabiting southeastern California; on the

adaptations of selected, extant desert species to

deal with extremes in the environment; and on
the ecology of desert communities. The text ends
with an overview of recent changes inflicted on
our deserts and what has been and is being done
to preserve and restore extant communities. No
glossary is provided.

In general, the book is designed to be a

bridge of knowledge between the scientific and
management literature and the learned reader,

professional scientist or not, who may know
little about desert biology. Toward that goal, the

amount of professional jargon is greatly re-

duced, metric units are not used (with several

exceptions), literature citations are mostly absent
from paragraphs, memorable factoids and short

essays are included to capture interest, and
excellent colored images, accumulated from
many contributors, are used to accompany the

text. This is an attractive book with a nice, clean

layout. Approximately 85% of the text pages have
photographic images, graphs, line drawings, or

tables. A research scientist will, on the other hand,

find many parts somewhat uncomfortable to read,

lacking precision in how observations are present-

ed—selectively and with too much poetic license

—

avoiding the appropriate terms (e.g., seeds that

actually are fruits or fruitlets), and presenting

many findings and offering conclusions that

would not be admissible in a professional journal.

So it is that books like this may bend too far to

make a subject understandable to amateurs, and
therein plant seeds—or fruits—in minds of the

general public that scientists will have to push
against to overturn because speculation morphs
into "common knowledge."

My greatest disappointment was with the long

chapters on "Operations and Origins" and
"Remarkable Biota." These together equal the

core for any treatment on adaptations of desert

organisms. Basic principles are not used effec-

tively to give the reader a clear route to

understanding desert adaptations, and some
common desert features are never discussed.

Much interesting information is presented, and
a person who knows the literature will recognize

where the data were originally published. But
numerous statements are at best misleading, often

lost in translation from the vast scientific

literature on ecophysiology and structure-func-

tion relationships. The reader does not have an
opportunity, without literature cited, to deter-

mine what is correct and what is not. An
explanation of types of photosynthesis is terribly

flawed, including diagrams that misrepresent

carbon fixation in both C4 and CAM (initially

cytosolic and not within chloroplasts), origin and
diffusion of oxygen, and basic characteristics of

each pathway, along with other errors in text and
a table. Rather than taking a modern approach
on resistance to stress, which any amateur can
understand, the author adopted a totally artificial

treatment of strategies for species as being

"drought-susceptible," "drought-avoiding," and
"drought-tolerant," and thereby takes an ap-

proach popular before the onset of modern
ecophysiology and now largely out of date.

For the Madrono audience, the book has some
taxonomic shortcomings. It is already antiquated

in that the author did not always adopt scientific

names of Flora of North America (volumes

available) and those combinations to be used in

the upcoming edition of The Jepsoii Manual.
Here is an opportunity to pass along the best

available names for vascular plant taxa, to begin

the process of breaking down public resistance to

changes in scientific binomials, but instead wastes

efforts of scores of biologists trying to sort out

the phylogeny of organisms. Second, on the

majority of pages common names of organisms



62 MADRONO [Vol. 56

are used, with a paucity of scientific names, this

to reduce jargon and text length, but seldom are

binomials repeated, so a reader must flip back to

an earlier entry, often pages away, to make the

match. Some of that problem would have been
eliminated by always including the scientific

name in figure legends, and including them also

with common name and a former scientific name
in the index. Third, as expected by all of us, some
latinized names are misspelled (e.g., see back
cover), because great proofreading and double
checking is required. Finally, there is the peren-

nial problem of having some common names that

authors insist on being capitalized while others,

especially plant names, are not. No modern
molecular data are discussed to define paleoen-

demics versus neoendemics, and, in fact, Bursera

microphylla is classified as a paleoendemic even

though that native is not endemic to the

California desert bioregion.

The California Deserts was written not as a

review with scientific precision, but rather citing

relatively few references (pp. 305-327). That
accepted, there are many seminal books and
articles that should have been referenced to allow

readers to pursue their interests and network
information.

Honestly, there is plenty of interesting coverage

to enjoy in this reasonably priced book. Readers
will look forward to reading the final chapter, in

which Pavlik passes along some really important

knowledge about saving our deserts.

—Arthur C. Gibson, Department of Ecology and
Evolutionary Biology, UCLA, Los Angeles, CA
90095- 1 606; agibson@biology.ucla.edu.
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Lepechinia rossii S. Boyd & Mistretta (LA-
MIACEAE).—Ventura Co., Topatopa Mountains,

Pine Canyon, tributary of the lower Sespe Canyon
drainage along the east side of Santa Paula Peak ridge;

near 34.44833 N, 118.96633^W [NAD 83] 1600 ft

(488 m); 6 Jun 2007, L. Gross, 2791 (RSA; MO, SBBG,
UC, UCR). Topatopa Mountains, Coldwater Canyon,
tributary of the lower Sespe Canyon drainage, north-

east of Santa Paula Peak ridge (Coldwater Canyon is

the next drainage upstream [north] from Pine Canyon);

near 34.46239"N, 118.96312 W [NAD 83] 1550 ft

(472 m), 13 Jun 2007, L. Gross, V. Arvizu & S. Bovd
2792 (RSA; CAS, SBBG, US).

Previous knowledge. Lepechinia rossii (Ross" pitcher

sage) is a member of section Calycinae, which includes

four additional species endemic to CaHfornia and
adjacent Baja California, Mexico

—

L. ccdycina (Benth.)

Epling, L. cardiophyUa Epling, L. fragrans (E. Greene)

Epling, and L. ganderi Epling—and is most readily

distinguished from these taxa by its geniculate inflores-

cence axes, bent at 60 -90 angles relative to the

subtending stems, and large, foliaceous inflorescence

bracts which are generally equaling or exceeding their

adjacent flowers in length, and little reduced distally

(Boyd & Mistretta 2006, Madroiio 53: 77-84). Lepechi-

nia rossii is endemic to the western Transverse Ranges
of southern California, being known from two some-
what disjunct populations, one in the Liebre Mountains
(northwestern Los Angeles Co.) and one in the

Topatopa Mountains (southeastern Ventura Co.)

(Boyd & Mistretta, loc. cit.). Within the Liebre

Mountains, L. rossii is known only along the summit
and northern flank of Red Mountain, within the

watershed of Ruby Canyon. In the Topatopa Moun-
tains, L. rossii is well documented from the lower
portions of Tar Creek, a major tributary to the lower
portion of the extensive Sespe Canyon watershed (Boyd
& Mistretta, loc. cit.). Efforts to locate additional

populations of L. rossii within the Liebre Mountains
region, e.g., in adjacent portions of Elizabeth Lake
Canyon, Warm Springs Canyon, and on Warm Springs

Mountain, have been unsuccessful. Within the Topa-
topa Mountains, two historic specimens (Evermann s.n.,

24 Mar 1917 [CAS #25345] and Hoffmann s.n.. 21 Mar
1927 [SBBG #6403]), both non-flowering and with
somewhat ambiguous locality data, suggest L. rossii

may be more widely distributed within the lower Sespe
Canyon watershed of the Topatopa Mountains region

(Boyd & Mistretta loc. cit.). Evermann's specimen is

from "Pine Creek, near Sespe," presumably this being
Pine Canyon, a major tributary of Sespe Canyon whose
confluence is downstream and to the west of Tar Creek.
The locality on Hoffmann's specimen is more vague,
"Sespe Canyon." This may refer to the old town of
Sespe, near the confluence of Sespe Creek and the Santa
Clara River, just west of Fillmore, or perhaps Sespe
Hot Springs, or most anywhere along the entire 88 km
main trunk of Sespe Creek and the many tributaries

throughout its 690 square km- watershed.

Significance. The Pine Canyon population of L. rossii

documented by Gross 2791 was in full anthesis at the

time of collection, providing vouchers with well

developed and diagnostic inflorescences and flowers.

This population is likely the same from which Ever-

mann collected his substerile specimen in 1917, and
validates the determination of that otherwise ambigu-
ous voucher. Our specimen from Coldwater Canyon
(Gross et al. 2792) appears to be the first record of L.

rossii for that drainage.

Together, these two collections help refine our
understanding of the overall scope of the Topatopa
Mountains metapopulation of this narrow endemic.

Lepechinia rossii, as with other Californian species of

Lepechinia in general, is essentially a pioneer species

within chaparral habitats. Plants tend to occur in small,

often widely scattered stands. They are usually

associated with some sort of physical disturbance of

vegetation and soil. Not uncommonly, this disturbance

is anthropogenic in origin, e.g., cut or fill slopes along

roads, and along cleared fuel breaks across ridgelines.

This certainly characterizes known occurrences of L.

rossii in the Tar Creek area of the Topatopa
Mountains, and in the Liebre Mountains, where
most plants are known from very near current or old

roads and fuelbreaks. UnHke these previously known L.

rossii populations, however, both the Pine and Cold-

water canyon populations of L. rossii are strictly

associated with "natural" disturbance, a fact that may
provide a useful model in predicting additional

occurrences within the Sespe Canyon/Topatopa Moun-
tains region, as well as the extensive area between these

populations and those of the Liebre Mountains to the

east.

Both the Pine and Coldwater canyon populations of

L. rossii were small in size (ca. 5 plants in Pine Canyon,
ca. 10 in Coldwater Canyon), and limited in areal

extent. Each population is situated towards the base of

steep, north-northeasterly slopes within mid-elevation

portions of their respective drainages, and essentially

restricted to areas disturbed by relatively recent

landslides. These slides, perhaps 2 to 10 years old, are

associated with steeply-bedded sedimentary substrates

in areas where chaparral vegetation burned 2 to 5 years

earlier. The presence of recent fire combined with

physical soil disturbance and relatively mesic exposure

appears to be key factors controlling distribution of this

narrow endemic. Based on this infomiation, we
recommend future surveys for L. rossii to include the

entire Santa Paula Peak ridge, especially its eastern end,

as well as the northern slopes of San Cayetano
Mountain. Other likely areas include the West Fork
of Sespe Canyon south of Topatopa Peak, Stone Corral

Creek north of Pigeon Flat, and other adjacent

drainages along the Sespe Canyon watershed. Similarly,

the northern facing flanks of Devils Heart Peak and
Sulphur Peak, especially areas between ca. 450 m to

900 m (ca. 1500 ft to 3000 ft), warrant surveys for

possible new locahties of this species.

—LeRoy Gross, Valentin Arvizu, and Steve
Boyd, Rancho Santa Ana Botanic Garden, 1500 N.
College Avenue, Claremont, CA 91711. leroy.gross(a)cgu.

edu.
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California

SCHIZYMENIA DUBYi (Chauvin ex Duby) J. Agardh

1851: 171 (SCHIZYMENIACEAE).—Monterey Co.,

attached to floating docks Monterey Marina, Monterey

Harbor, Monterey. 36 36'07"N, 121°53'25"W. Thalli

cystocarpic and sterile (13 September 2006 (UC
1934344), 15 July 2007 (UC 1934344), 8 November

2007 (UC 1934345), 6 March 2008 (UC 1934346), /. R.

Hiighey).

Previous know/edge. Native to Europe, Africa, Asia,

New Zealand, and Australia (M. D. Guiry and G. M.

Guiry, AlgaeBase. World-wide electronic publication.

National University of Ireland, Galway. http://www.

algaebase.org; searched on 24 May 2008). Type locality:

Cherbourg, Manche, France (P. C. Silva, P. W. Basson

& R. L. Moe, Catalogue of the Benthic Marine Algae of

the Indian Ocean, 1996: 323). First reported from

Pacific North America based on material from Esqui-

malt, British Columbia (W. H. Harvey 1862, Journal of

the Linnean Society of London: Botany 6: 174). Citing

Harvey, W. A. Setchell and N. L. Gardner (1903,

University of California Publications Botany 1:356)

included S. duhyi in their list of algae from northwestern

America. They admitted however "we know nothing of

this plant, but suspect that we may have included it

under SarcophvUis califoniicciy [Dilsea califoniica (J.

Agardh) Kuntze 1891: 892]. Y. Yamada (1928, Scien-

tific Reports of the Tohoku Imperial University,

Biology 3:497-534) reported 5". dubyi from Japan, but

it was later removed from the flora by I. A. Abbott

(1967, Bulletin of the Southern California Academy of

Sciences 66:162) who treated Japanese specimens as

conspecific with Schizymenia pacifica (Kylin) Kylin

1932: 10. Based on a recent phylogenetic analysis of the

large subunit of ribulose-1, 5-biphosphate carboxylase/

oxygenase gene (r/?rL), Gavio et al. (2005, Gulf of

Mexico Science 83:38 57) demonstrated that S. dubyi

from Japan is conspecific with S. dubyi from the

Atlanfic ocean, but different from S. pacifica from the

northeastern Pacific. However, the two earlier reports

of S. dubyi from the eastern Pacific have gone without

comment by later workers.

Significance. Previously misidentified specimens (as

S. pacifica) include: 26 May 1978, R. Setzer (AHF
84371 in UC); 14 July 1977, /. A. Abbott (GMS 13296);

24 May 1974, /. A. Abbott (GMS 13187); 17 June 1972,

/. A. Abbott (GMS 1 1395); 8 May 1970, L. A. Midon &
J. N. Morris (AHF 80259 in UC); 24 June 1966, A^. L.

Nicholson (GMS 2121 & 2122). Schizymenia dubyi also

occurs in Ventura Co. just east of Carpinteria (13

January 1957, E. Y. Dawson, AHF 63782 in UC) and in

Los Angeles Co. in the upper mid-littoral at Royal

Palms (26 June 1972, R. Setzer (AHF 78717 in UC); 8

March 1972, R. Setzer (AHF 77975 in UC)). Mature

thalli of S. dubyi can usually be distinguished from 5".

pacifica by their darker color (maroon rather than

brown-pink), ruffled margins, longer stipe (3 mm vs.

1 mm or lacking), and ostioles that are approximately

twice as large (45-60 ^m) as those found in S. pacifica

(25^0 fim). Our identification was confirmed by

analyzing rbch gene sequences following the methods

described by J. R. Hughey et al. (2008, Phycologia

47:124-155). Two specimens were analyzed and found

to be identical in sequence (GenBank FJ013041 &
FJO 13042), but differed from S. dubyi from Brittany,

France (AY294389) and Iwateken, Japan (AY294388)

by 5 nucleotides. In comparison, an rbcL sequence of S.

pacifica from Washington (AY294393) differed from S.

dubyi by 69 nucleotides. These data confirm the

presence of 5. dubyi in California, but highlight the

need for further investigafions into the life history and

taxonomy of species of Schizymenia in the northeast

Pacific.

—Jeffery R. Hughey, Division of Science and

Mathematics, Hartnell College, Salinas, CaHfornia

93901. jhughey@hartnell.edu; and Kathy Ann Mill-

er, Herbarium, University of California, Berkeley,

California 94720-2465.

California

CoTONEASTER HORizoNTALis Decne. (ROSA-
CEAE).—Del Norte Co., pasture edge, 3 air km N of

Lake Earl, elev. 8 m, 18 Jul 2007, Zika 23166 (CAS,

DAO, GH, HSC, OSC, RSA, UC, WTU).
Previous knowledge. Wall cotoneaster is recorded as a

garden escape on the coast of Oregon, Washington and

British Columbia, so wild plants on the north coast of

California were expected. It is a low shrub readily

distinguished from all other wild deciduous Cotoneaster

in California by the small leaves, less than 2 cm long

and less than 1 cm wide. It is recognizable at a distance

by the strongly planar branching in a herringbone

pattern.

Significance. First collection for California as an

escape from cultivation.

Cotoneaster frigidus Wall, ex Lindl. (ROSA-

CEAE).—Alameda Co., below Engineers Road, Straw-

berry Canyon, Berkeley, 27 Sep 1934, C. M. Belshaw

199 (UC).

Previous knowledge. Tree cotoneaster is uncommon
in cultivation in North America, but is a common
escape from gardens in the British Isles (Stace, in New
Flora of the Brifish Isles, 2nd edition, Cambridge

University Press, Cambridge, UK. 1997). Hrusa et al.

(Madroiio 49:61-98. 2002) were presumably including

this databased specimen, which was labeled Cotoneaster

lacteus W. W. Sm., when they said C. lacteus was:

"noted elsewhere in the east San Francisco Bay Area."

The two can be separated by their foliage in the

following key.

la. Leaves thin, deciduous, often 10-15 cm long;

veins superficial C. frigidus

lb. Leaves thick, evergreen, less than 10 cm long;

veins sunken C. lacteus

Significance. First collection for CaHfornia as an

escape from cultivation.

Prunus SPECIOSA (Koidz.) Nakai (ROSACEAE).—
Alameda Co., Strawberry Canyon E of UC-Berkeley

campus, wooded area at base of fire trail behind UC
Botanical Garden, 15 Apr 1999, B. Ertter 16502 (UC);

shady riparian of Strawberry Creek, near Hamilton

Gulch, Strawberry Canyon, elev. 230 m, 19 Mar 2007,

Zika 22924 (DAO, NY, RSA, UC, UWEC, WTU).
Previous knowledge. Prunus speciosa (syn. Cerasus

speciosa (Koidz.) H. Ohba, Prunus lannesiana (Carriere)

E. H. Wilson forma albida (Makino) E. H. Wilson) is

known as Oshima cherry, and is endemic to Japan

(Chang et al., in Botanical Journal of the Linnean

Society 154:35-54. 2007). It is cultivated on the Pacific
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Coast as an ornamental, but much less commonly than

garden hybrids derived from it. This population was
reported as Primus serrulata Lindl. of China (syn.

Cerasus serrulata (Lindl.) Loudon) in Hrusa et al. (loc.

cit.). Prunus speciosa has leaf teeth with glandular tips

and glandular-serrate sepals, while P. serrulata has leaf

teeth without glands and entire sepal margins. Prunus

speciosa is also known as an escape in Orange Co.,

North Carolina {Weakley s.n. NCU).
Significance. First report as an escape from cultiva-

tion in California.

Prunus x yedoensis Matsum. (ROSACEAE).

—

San Francisco Co., city of San Francisco, adventive tree

4 m tall. Golden Gate Park, elev. 75 m, 22 Mar 2007,

Zika 22931 (NY, UC, UWEC, WTU).
Previous knoniedge. Prunus Xyecloensis, yoshino

cherry, is traditionally considered to be a hybrid

between P. subhirtella Miq. and P. speciosa derived

and grown in Japan in the 1800's (Rehder, Manual of

Cultivated Trees and Shrubs Hardy in North America,

MacMillan Co., New York, 1927), and the protologue

suggests the type was cultivated (Japan: in hortis

Tokyoensibus ample culta). Recently classified at the

rank of species, with no mention of hybridity or

parentage, by Ohba (in Iwatsuki et al., eds.. Flora of

Japan, Volume lib, Kodansha Ltd., Tokyo, 2001) and
also by Chaoluan and Bartholomew (Flora of China
9:404^20. 2003). Those authors treat it in the genus

Cerasus, as C. yedoensis (Matsum.) A. N. Vassiljeva,

but we prefer to treat Cerasus as a subgenus of Prunus
(Jacobson and Zika, Madrofio 54:74-85. 2007). Prunus
Xyedoensis is a commonly planted ornamental in North
America. Chaoluan and Barthol-

omew (loc. cit.) say it is native to Japan and Korea
(Cheju Island), but do not provide supporting details,

and possibly they are referring to naturalized plants

spread from cultivation. Garden plants produce viable

seed, and yoshino cherry has been collected escaped

from cultivation in Washington.

Significance. First report as an escape from cultiva-

tion in California.

—Arthur L. Jacobson, 2215 E. Howe St., Seattle,

WA 98112. arthurleej@earthlink.net; and Peter F.

Zika, WTU Herbarium, Box 355325, University of

Washington, Seattle, WA 98195-5325.

California

JUNCUS FALCATUS E. MEY. SUBSP. SITCHENSIS
(BucHENAU) HULTEN (JUNCACEAE).—Del Norte
Co., near lagoon. Crescent City, 1899, W. R. Dudley
s.n. (DS); Humboldt Co., 0.5 mi SW of Samoa; 16 Jun
1936, H. S. Yates 5654 (RSA, UC); wet places near the

shore. Stone Lagoon, 3 Aug 1924, J. P. Tracy & H. E.

Parks 6746 (UC); Big Lagoon, 18 Oct 1925, J. P. Tracy
7290 (UC); low flats in sand dunes, ocean beach at N
end of Humboldt Bay, 13 Oct 1930, J. P. Tracy 9218
(UC); sand dunes, Samoa Peninsula, 7 Aug 1965, R. F.

Thome 35223 & P. Everett (BM, CAS, RSA).
Previous knowledge. Mapped in Alaska, British

Columbia and Oregon by Brooks (Juncus subg.

Graminifolii, in Flora of North America 22: 228. 2000).

Kirschner et al. (Juncus subg. Juncus sect. Graminifolii,

in Species Plantarum: Flora of the World 7:49-50. 2002)
cited specimens as far south as Coos Co., Oregon, while

noting reports from Asia or Japan refer to the related

Asian species J. prominens (Buchenau) Miyabe & Kudo.
All Juncus falcatus records in California were assigned

to subsp. falcatus (as var. falcatus) by Swab {Juncus,

pp. 1157-1165, in J. C. Hickman (ed.). The Jepson
Manual, University of California Press, Berkeley, CA.
1993). Juncus falcatus subsp. fiilcatus is native to

Australia as well as California, where it is restricted to

the south coast (SCo) and central coast (CCo)
geographic subdivisions. California plants can be

divided into two subspecies using the following key.

la. Inner tepals (petals) blunt or hooded, usually

less than 4.5 mm long; anthers less than

1.7 mm long; fruit apex notched, conspicuous

and roughly equaling the tepals, often globose

to broadly elliptic; NCo subsp. sitchensis

lb. Inner tepals acuminate, usually more than

5 mm long; anthers usually more than 1.7 mm
long; fruit apex usually acute to truncate,

inconspicuous and much shorter than the

tepals, usually elliptic to oblong; CCo,
SCo subsp. falcatus

Significance. First report for California. The plants

are variable in size, and usually sort well into the two
subspecies, but a few central California specimens show
some transitions, and the rank of subspecies seems more
appropriate than species for the two taxa. The
relationship of Californian and AustraHan representa-

tives deserves investigation; southern hemisphere spec-

imens are traditionally called subsp. falcatus but may
more closely approach subsp. sitchensis in some
morphological characters.

Juncus interior Wiegand (JUNCACEAE).—San
Bernardino Co., granitic sand. Fourth of July Canyon,
W New York Mountains, 1845 m, 4 Jun 1973, J.

Henrickson 10551 (RSA); same canyon, 1829 m, 30 Aug
1973, J. Henrickson 12703 (RSA).

Previous knowledge. Interior rush was mapped from
Ohio west to Saskatchewan, Wyoming and New Mexico
by Brooks {Juncus subg. Poiophylli, in Flora of North
America 22:228. 2000). Kirschner et al. {Juncus subg.

Agathyron sect. Steirochloa, in Species Plantarum: Flora

of the World 8:17-57. 2002) expanded the range west to

include Utah and Arizona. Kartesz (Synthesis of the

North American Flora, Version 2.0, CD Rom. 2003)

shows herbarium records as far west as Mohave Co.,

Arizona, adjacent to San Bernardino Co., California.

Juncus interior often has a pinkish base to the rather

tall stems, but otherwise closely resembles /. tenuis

Willd., which has shorter stems only rarely pinkish

instead of green at the base. Juncus tenuis is a common
species on damp disturbed ground on the Pacific Coast.

The two can be distinguished by the following key.

la. Auricles of early season shoots acuminate

(rarely acute), uniformly pale or translucent,

1-8 mm long; stem with 0-1 strong longitudi-

nal ridges visible on one side; bracteoles

subtending flowers acute to blunt /. tenuis

lb. Auricles of early season shoots rounded (rarely

acute), usually opaque and with the marginal

(outer) half thinner textured than the basal

(inner) portion, 0.2-0.6 mm long in CA
collections; stem with 4-6 strong longitudinal

ridges visible on one side; bracteoles subtend-

ing flowers acuminate, usually aristate . J. interior
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Significance. First report for California, and the

species should be sought in additional washes in desert

mountains within the eastern Mojave Desert of

California.

JUNCUS NEVADENSIS S. WATS. VAR. INVENTUS (L. F.

Hend.) C. L. Hitchc. (JUNCACEAE).—Humboldt
Co., frequent, boggy places. Big Lagoon, 6 m, 18 Oct

1925, /. P. Tracy 7293 (UC).

Previous knowledge. Nevada rush is a variable

species, and authors disagree on its taxonomy. Follow-

ing Hitchcock and Cronquist (Flora of the Pacific

Northwest. University of Washington Press, Seattle,

WA. 1973), the 2008 Oregon Plant Atlas (available at:

http://oregonflora.org/atlas.php) and Kartesz (loc. cit.)

map var. inventus as an Oregon endemic along every

county of the Pacific Coast, from Clatsop Co. south to

Curry Co. Kirschner et al. {Juncus subg. Juncus sect.

OzophvUum, in Species Plantarum: Flora of the World
7:151-270. 2002) followed Clemants {Juncus subg.

Septati, in Flora of North America 22:240-255. 2000)

and did not recognize any varieties of /. nevadensis. I

agree with Cronquist (Juncaceae, in Intermountain

Flora: Vascular Plants of the Intermountain West 6:

47-64. 1977) that the plants of the interior are not

readily divided into geographic and morphological

varieties, but more study is needed of the patterns of

variation. However, the plants of coastal sand dunes are

disjunct, with much more regularly and strongly

flattened leaves, compared to the slightly flattened to

tubular leaves of inland populations. Coastal seeds

tend to be ovate and slightly plumper than the usually

elliptic seeds from the interior. The number of heads
and tepal color seem to fluctuate without correlation.

The best discriminator is the stamen, noted in the

following key.

la. Anthers usually much longer than the fila-

ments, inland and montane var. nevadensis

lb. Anthers shorter than to equaling the filaments,

coastal var. inventus

Significance. First report for California, and to be
sought in interdunal swales along the northern coast.

Plants of the Willamette Valley in northern Oregon
need study, and may represent another distinct popu-
lation. Some plants with very fine foliage from the

Sierra Nevada approach J. mertensianus Bong., and
may prove to be separable.

—Peter F. Zika, WTU Herbarium, Box 355325,

University of Washington, Seattle, WA 98195-5325.

Zikap@comcast.net.

Colorado

CaREX CONOIDEA WiLLDENOW (CYPERACEAE).—
Jefferson Co., Meyer Ranch Park, Jefferson County
Open Space, along US Hwy 285, about 0.8 km (0.5 mi)

east of Aspen Park and 25.7 km (16 mi) west of
Denver, 2403 m (7885 ft), 7.5' Conifer quad, UTM
NAD83 Zone 13S "^76683E '*^77372N; 29 June 2008,

Steve Popovich 8508, with Pamela F. Smith, Anton A.

Reznicek, Loraine Yeatts, and Leo Bruederle (MICH,
KHD, COLO, CS, RM). Approximately 50 plants in

wet sedge meadow along south side of South Turkey
Creek, with Carex hrevior, C. microptera, C. huxhaumii.

Juncus mertensianus, Equisetum arvense, Cirsium cana-

densis, Deschampsia caespitosa, Hierochloe hirta,

Phleum pratense. Iris missouriensis, Crunocallis chamis-

soi. Allium geyeri, Bistorta bistortoides, and Neolepia

campestris.

Previous knowledge. Distributed throughout much of

northeastern North America, from Manitoba south to

central Missouri and east to northwestern North
Carolina and Newfoundland. Uncommon, with the

exception of New England; occupies open meadows,
wet prairies, and shores of lakes, ponds, and rivers.

Reported from one site in New Mexico (J. D. Coop
2003, The New Mexico Botanist 25:7) and another in

Arizona, where it is presumed to have been introduced,

but not naturalized (R. F. C. Naczi 1992, Systematics of

Carex Section Griseae (Cyperaceae), Ph.D. dissertation.

University of Michigan, Ann Arbor, ML; R. F. C.

Naczi and C. T. Bryson 2002, in Flora of North
America Editorial Committee, Flora of North America
North of Mexico, vol. 23. Oxford University Press,

New York, NY).
Similar taxa in the region (Wyoming, Colorado)

include Carex crawei and C. blanda, from which C.

conoidea is differentiated on the basis of its impressed

nerves (most visible in living material). In addition, C.

crawei is colonial from long-creeping rhizomes and has

lower pistillate scales awnless or, occasionally, with a

± smooth awn; pistillate spike bracts shorter than to

± equaling staminate spike; and peduncles of the

pistillate spikes mostly smooth. Carex conoidea is

cespitose, forming small clumps from short rhizomes,

and has lower pistillate scales with a conspicuous

scabrous awn; longer pistillate spike bracts, usually

exceeding the staminate spike; and peduncles of the

pistillate spikes scabrous. Carex blanda differs from
both species in having perigynium nerves ca. 25-30 (vs.

ca. 12-25); perigynia cuneately or even concavely

tapered to the base when dry (vs. rounded); apex of

perigynium abruptly bent, the orifice pointing to the

side (vs. nearly straight); and culms sharply trigonous to

±winged, soft and easily compressed (vs. firm and wiry,

not easily compressed).

Significance. First documented occurrence of C.

conoidea from Colorado. Eastern sites are over

1250 km distant. Meyer Ranch Park has had a long

and varied history of land use, and this new occurrence

adds complexity to the question of nativity for the New
Mexico and Arizona sites.
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Bruederle, Department of Integrative Biology, CB
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2009] NOTEWORTHY COLLECTIONS 67

Montana

Achillea filipendulina Lam. (ASTERACEAE).—
Missoula Co., w side of Duncan Drive 1 km nw of

Rattlesnake School in the Rattlesnake Valley on the

outskirts of Missoula. One large plant on the road edge

with Bromus inermis and Centaurea maculosa, 1065 m,
T13N R19W SWl/4 S2, 22 September 2007, P. Lesica

9885 (MONTU).
Significance. First report of this common introduced

ornamental escaping in MT (Dorn, R. D. 1984,

Vascular plants of Montana, Mountain West Publish-

ing, Cheyenne, WY; United States Department of

Agriculture PLANTS database, www.plants.usda.gov).

Ajuga reptans L. (LAMIACEAE).—Flathead Co.,

NE end of Lake McDonald, one large colony at the

edge of a dirt road in a hemlock forest with

Symphoricarpos a/bus and Ranunculus repens, 975 m.
29 June 2003, P. Lesica 8667 (MONTU), verified by K.

Chambers (OSU).
Significance. First report of this exotic for MT (Dorn

1984, loc. cit.; PLANTS database, loc. cit.).

ALLIARIA PETIOLATA (BlEBERSTEIN) CAVARA &
Grande (BRASSICACEAE).—Missoula Co., Mis-

soula, ne corner of the Natural Sciences Building,

University of Montana campus, 1 plant near the bicycle

rack with Poa pratensis and Chenopodium herkmdieri,

945 m, 4 May 2007, P. Lesica 9720 (MONTU).
Significance. First report of this prolific weed for MT

(Dorn 1984, loc. cit.; PLANTS database, loc. cit.).

MiMULUS HYMENOPHILUS MEINKE (PHRYMA-
CEAE).—Lake Co., Mission Mtns., along the trail to

Mission Falls, ca. 75 plants on a moist, limestone shelf

protected by an overhang on a s-facing slope, 1370 m,
T18N R18W SI 2, 25 July 1983, P. Lesica 2758
(MONTU, NY). Determined by M. Carlson (UAAH).

Significance. First report for MT (Dorn 1984, loc.

cit.; PLANTS database, loc. cit.); otherwise known only

from a few side canyons of the Snake River 280 km sw
in se WA.

Orthocarpus tolmei Hooker & Arnott (ORO-
BANCHACEAE).—Gallatin Co., Madison Range, s of

Ernest Miller Ridge, common in tall herb meadows
with Helianthella uniflora and Balsaniorhiza sagittata,

2710 m, TIOS R5E S29, 10 July 2007, P. Lesica 9815
with P. Kittelson (MONTU, NY). Verified by N.
Holmgren (NY).

Significance. First report for MT (Dorn 1984, loc.

cit.; PLANTS database, loc. cit.); previously adjacent

Teton Co., WY.

Papaver croceum Ledeb. (PAPAVERACEAE).—
Stillwater Co., Beartooth Range, near the old mine just

west of Chrome Lake, locally common along the road
with Potentilla fruticosa and Astragalus austra/is.

2560 m, T5S R16E S31, 23 Aug 1999, P. Lesica 7963
(MONTU) determined by D. Murray (ALA).

Significance. First report for the continental U.S
(PLANTS database, loc. cit.). Cultivated, escaped and
very well established, in arctic North Atlantic areas.

Likely more widespread but lurking in collections under
P. nudicaule, which has been the collective name for the

common introduced poppy in North America—but
distinct from P. nudicaule in Beringia, which are native

and part of a circumpolar.

PEDICULARIS CRENULATA Benth. (SCROPHULAR-
lACEAE).—Beaverhead Co., along a backwater slough

of the Beaverhead River 1 km SW of Dalys, scattered

clumps in a moist meadow with Juncus halticus and
Thermopsis montana, 1630 m, T9S RlOW S2. 6 July

2003, P. Lesica 8688 (MONTU); along sloughs of the

Beaverhead River just below Clark Canyon Dam,
locally abundant in moist meadows with Juncus halticus

and Aster occidentalis, 1660 m, T9S RlOW S32. 10 July

2003, P. Lesica 8693 (MONTU, RM), verified by R.D.
Dorn (RM).

Significance. First report for MT (Dorn 1984, loc.

cit.; PLANTS database, loc. cit.), 400 km nw of the

nearest location in w WY.

Plagiobothrys salsus (Brandegee) Johnston
(BORAGINACEAE).—Beaverhead Co., Centennia
Valley, shallow reservoir in an alkaline wetland 5 km
sw of Antelope Peak, common in drying mud with

Hordeum juhatuni and Chenopodium glaucum, 2040 m,
T13S R4W S27, 26 Aug 2004 P. Lesica 8984 (MONTU,
BYU). Verified by L. Higgins (BRY).

Significance. First report for MT (Dorn 1984, loc.

cit.; PLANTS database, loc. cit.), 500 km nw of the

nearest station in ne NV. Possibly introduced by
livestock.

Symphyotrichum molle (Rydb.) Nesom (AS-
TERACEAE).—Big Horn Co., Bighorn Range, near

head of Line Creek immediately n of the WY state line

and Bighorn N.F. Road 11, 5.5 km n of Sheep Mtn.
and 2.5 km se of Windy Point Lookout, ungrazed
Deschampsia cespitosalElymus trachycaulus meadow on
slightly east-dipping slope of limey clay-loam with

scattered surface rock of whitish limestone, 2740 km,
T9S R31E SW1/4SW1/4 SEl/4 S34, 28 July 2001. W.

Fertig 19787 (MONTU, RM).
Significance. First report of this Bighorn Mtn.

endemic for MT (Dorn 1984, loc. cit.; PLANTS
database, loc. cit.).

—Peter Lesica, Herbarium, Division of Biological

Sciences, University of Montana, Missoula, MT 59812,

peter. lesica(§^mso.umt.edu; and Walt Fertig, 1 1 17 W.
Grand Canyon, Kanab, UT 84741.

Oregon

LiMBELLA FRYEI (R. W. WILLIAMS) OCHYRA (AM-
BLYSTEGIACEAE, BRYOPHYTA).—^Curry Co.,

Floras Lake, north shore, 42 54'11"N, 124 30'14"W,

elevation 3 m, on organic debris and basal stems of

vascular plants over dune sand, in dense vegetation of

three types, 1 ) weedy shoreline dominated by Lotus

corniculatus, Care.x ohnupta, and Potentilla anserina ssp.

pacifica, with a scattering of Sali.x hookeriana seedlings

and associated bryophytes: Fontinalis antipyretica,

Kindbergia praelonga, Chiloscyphus pallescens, Riccardia

clmmaedryfolia, and Calliergonella cuspidata, 2) a

swampy area dominated by Comarum palustre and
Care.x obnupta with Calliergon cordifolium and 3) a

Sali.x hookerianalVaccinium uliginosumlCare.x obnupta

swamp with Sphagnum squarrosunu 17 June 2008, D.H.

Wagner m24()2, m2409a, m2410 (OSC, UC, NY).
Previous knowledge. Endemic to Oregon, long known

from a single locality at Sutton Lake, Lane Co.

Presumed extirpated from the original, type locality in

Coos Co. (J. A. Christy 2000. Limbella. Bryophyte
Flora of North America, Provisional Publication,
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Missouri Botanical Garden, http://www.mobot.org/

plantscience/BFNA/v2/AmblLimbella.htm).

Significance. Second locality for this extremely rare

moss that has been searched for extensively, ca. 140 km
south of the other extant population. The habitats in

which this was observed are different from the Sutton

Lake locality and provide new search images for future

exploration.

Haplomitrium hookeri (Smith) Nees (HAP-
LOMITRIACEAE, MARCHANTIOPHYTA).—Lane
County, Sutton Beach, on moist sand next to Sutton

Creek, solitary shoots, both male and female with

sporophytes, mixed most often in colonies of Phaeo-
ceros caroUnianm but also with Anthoceros fusiformis,

Blasia pusil/a, Aneura pinguis, Cephalozia hicuspidata,

Cephalozielki hampeana, Jungernicmnia rubra, and
Pohlia annotina, 44°04'05"N, 124 07'25"W, elevation

1 m, 18 June 2008, D. H. Wagner m24 14d {OSC, UC).
Previous knon /edge. In Oregon known from a single

site in the Cascade Mountains, Three Sisters Wilder-

ness, Lane Co. and in Washington State known from a

single site in the northern Cascades, otherwise circum-

boreal at high latitudes, everywhere rare.

Significance. Second collection in Oregon, 188 km
west of previously known site; first record from
sea level in North America (S. Bartholomew-Began
2001. Haplomitriaceae. Bryophyte Flora of North
America, Provisional Publication, Missouri Botanical

Garden. http://www.mobot.org/plantscience/BFNA/v3/

HaplHaplomitriaceae.htm).

—David H. Wagner, Northwest Botanical Insti-

tute, P.O. Box 30064, Eugene, OR 97403-1064.

davidwagner@mac.com.

Washington

Dryopteris CRISTATA (L.) Gray (DRYOPTERIDA-
CEAE).—Pend Oreille Co., on logs or marshy margin,

over limestone, 0.5 air km S of Upper Lead King Lake,

48 56.4'N, 117°21.3'W, 770 m, 28 Aug 2007, Zika
23515 (WTU); swampy small cove. Lake Leo, 48.6"N,

117.4 W, 1000 m, 6 Sep 2007, Arnett 07-132 & GibUn
(WTU).

Previous knowkdge. This circumboreal species ranges

in North America from Montana to Newfoundland,
south to North Carolina. The Flora of North America
does not include Washington within the range for this

species (J.D. Montgomery and W.H. Wagner Jr.,

Dryopteris, Flora of North America, Volume 2, page
285). The first report of £). cristata for Washington was
1965, and the Washington Natural Heritage Program
currently tracks 20 populations of this species in Stevens

and Pend Oreille Counties (http://wwwl.dnr.wa.gov/

nhp/refdesk/lists/plantrnk.html). Its restricted occur-

rence in the northeast portion of the state is the

primary factor responsible for its assigned conservation

status of S2 (Imperiled—6 to 20 occurrences, very

vulnerable to extirpation) in Washington. Dryopteris

cristata also has been collected in northern Idaho {F.D.

Johnson, s.n.. Chase Lake, Bonner County (ID); S.J.

Brunsfeld 2013, Perkins Lake, Boundary County (ID)),

occurrences similarly omitted by J.D. Montgomery and
W.H. Wagner Jr.

Significance. These collections confirm the presence

of this species in Washington, and suggest that

additional populations are likely to be found through
additional survey work in this undercollected area of
Washington. Future floristic treatments for D. cristata

in North America should include Washington and
Idaho as part of the range of this species.

JuNCUS BREVICAUDATUS (Engelmann) Fernald
(JUNCACEAE).—Pend Oreille Co., Lake Leo boat
ramp, 48.649"N 1 17.496"W, 1000 m, 6 Sep 2007, Giblin

1164 & Arnett (WS, WTU); Frater Lake, 48.654"N,
117.483"W, 977 m, 7 Sep 2007, Arnett 07-150 & Giblin

(WS, WTU); Stevens Co., Little Twin Lakes, 48.574"N,
1 17.644 W, 1 127 m, 4 Sep 2007, Arnett 07-100 & Giblin

(WS, WTU).
Previous knowledge. The species has been reported

from Minnesota to Newfoundland, south to Pennsyl-

vania, with a narrow band extending south along the

Appalachian Mountains to Tennessee. Disjunct popu-
lations are known from Arizona, Colorado, Utah,
Wyoming, Alberta, and coastal areas of Oregon and
British Columbia.

Significance. These are the first records from the

interior Pacific Northwest. Each of our sites are in the

Colville National Forest, and specimen identifications

were confirmed by Peter Zika (WTU). The previous

Oregon and British Columbia collections were made in

coastal areas under cranberry cultivation, suggesting

that this species was introduced by farmers (P. F. Zika,

2003, Journal of the Torrey Botanical Society. 130: 43-

46). The collections here raise the possibility that this

species may be more widespread throughout western

North America than previously reported. It is unclear

whether the current distribution pattern of J. brevicau-

datus from the interior West results from true

disjunction, is the artifact of undercoUection, or is due
to specimen misidentification.

—David E. Giblin, University of Washington
Herbarium, Box 355325, Seattle, WA 98195-5325; and
Joseph L. Arnett, Washington Natural Heritage

Program, P.O. Box 47014, Olympia, WA 98504-7014.

dgiblin(§^u.washington.edu.

Washington

Peltandra virginica (L.) Schott (ARACEAE).—
Whatcom Co., about 8 km west of Ferndale on the west

shore of Lake Terrell, 48 51.748'N 122 41.943'W,

elevation 65 m. Growing on shore in shallow water

to about 20 cm deep, associated with Typha latifolia

L., with dense Phcdaris arundinacea L. higher on
the shore. 12 July 2007, A. Fullerton and S. Boothe

(WTU).
Previous knowledge. Peltandra virginica is native to

the eastern United States and southeast Canada and is

most common on the Atlantic Coastal Plain. Its range

has expanded to the Midwestern states over the last

30 yr. Introduced populations are recorded in Califor-

nia and Oregon as far north as the south shore of the

Columbia River in Clatsop County (S. A. Thompson,
Araceae, pp. 128-142 in Flora of North America
Editorial Committee, Flora of North America North
of Mexico, vol. 22, 2000; WTU Herbarium on-line

database www.washington.edu/burkemuseum/collections/

herbarium/index.php accessed 6 February 2008).

Significance. This is the first record for Washington
State. The small population is located on the undevel-
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oped shore of Terrell Lake, a Wildlife Area managed by

the Washington Department of Fish and Wildlife.

Peltandra virgiiiica is available in the horticulture trade,

however due to the remote nature of the site we feel this

population more likely grew from seed transported by

waterfowl from locations where the plant persists in

Oregon or California.

Hibiscus MOSCHEUTOS L. (MALVACEAE).—Doug-
las Co., 1 km northwest of the town of Rock Island on

the northeast shore of Big Bow Lake, 47 23.08'N

120°9.29'W 19, elevation 201 m. Several plants growing

in shallow water and just above the waterline along the

east end of the lake; associated with Schoeuoplectus

acutus (Muhl. ex Bigelow) A. & D. Love, Typha latifolia

L., and Phaknis anmdiuacea L. September 2005, /.

Parsons (WTU).

Previous knon/cdge. The native range of Hibiscus

nioscheutos includes Ontario, Canada, the eastern

United States east of the Mississippi River and across

the southern states to New Mexico (United States

Department of Agriculture PLANTS database, ac-

cessed February 7, 2008 www.plants.usda.gov).

Significance. This is the first record for Washington
State. Hibiscus nioscheutos is widely available in the

horticulture trade. This population is likely an escaped

garden ornamental. The population has been observed

for four years and appears to be persisting and
expanding slowly among other native an introduced

shoreline species.

—Jenifer Parsons and Arline Fullerton,
Washington Department of Ecology, 15 W. Yakima
Ave, Suite 200, Yakima, WA 98902. jenp461(§ecy.wa.gov.
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THE EFFECTS OF REVETMENT ON STREaWSIdE VEGETATION IN
SEQUOIA SEMPERVIRENS (TAXOIDIACEAE) FORESTS

Will Russell and Sayaka Terada
Department of Environmental Studies, San Jose State University, San Jose, CA 95192-01 15

will.russell@sjsu.edu

Abstract

Stream-bank stabilization structures, or revetment, can impact riparian systems by confining

watercourses to the point where natural functions are limited. Removal of existing revetment may
have considerable impacts to stream-bank stability however. The effects of revetment and revetment

removal on vegetation and stream-bank morphology were measured on three streams in forests

dominated by Sequoia sempervirens (Coast Redwood) in northern California. Data were collected

using randomly located transects on three treatments; 'Tio-revetment," "revetment-intact," and
"revetment removed." Results were compared between treatments using ANOVA at a 0.05 level of

significance. On all three sites, species richness, vegetation cover, and tree seedling density were found
to be highest where no revetment existed compared to where revetment was intact. Stream depth and
stream-bank slope were highest where revetment was intact. Recovery of vegetation following removal

of revetment was more site specific being most pronounced where recovery time was greatest and
stream-bank restoration efforts were highest.

Key Words: Coast redwood, revetment. Sequoia sempervirens, stream restoration.

Stream-bank stabilization structures, known as

revetment, are common in areas where roads and
trails are in close proxiinity to a watercourse.

These structures are designed to support the

stream-bank, to protect roads and trails, and to

reduce erosion from the streain-bank into the

streain. In recent years land managers have
becoine concerned with the ecological ramifica-

tions of these protective measures, and have
considered the removal of revetment on a limited

scale. One of the sites where revetment removal is

currently being considered is Redwood Creek at

Muir Woods National MonuiTient. There is

concern, however, that the process of removing
revetment may pose risks to streamside vegeta-

tion. This study is an attempt to provide basic

information on the relative impacts of revetment

installation and removal on riparian vegetation.

This study is limited to streams within the

northern California Sequoia sempervirens (coast

redwood) forest type in order to provide a

reasonable comparison with Redwood Creek.

Revetment is constructed out of a variety of
materials, including rock structures often referred

to as riprap, rock filled wiie structures known as

Gabion-baskets, structures made of logs known
as cribbing or bank-armor, or stacks of cement
bags. Installation of these structures on stream-
banks tends to slow erosion, l educing the amount
of fine sediment input into adjacent streain

channels (Harvey and Watson 1989; Engber
2002). In some cases revetment is installed where
stream-banks have started to fail, while in others,

revetment is installed as a preemptive measure.

While revetment protects stream-banks, it also

confines stream channels to the extent where

natural functions may be limited. Watercourses,

by natui^e, are dynamic systems (Kauffinan et al.

1997). Reinforcing a stream-bank confines the

movement of the stream, and consequently limits

natural fluvial processes such as the development
of flood plains, pools, and point bars (Knudsen et

al. 1987; Smith et al. 1993). In addition, confining

a stream tends to deepen its channel over time,

which lowers the water table and eliminates the

deposition of nutrient rich silt in the riparian

zone. Revetment also reduces the input of gravel

into a stream, which is important for the

formation of spawning beds for salmonid species

(Flosi and Reynolds 1994), and also negatively

impacts other wildlife species (Chapman and
Knudsen 1980; Hortle and Lake 1983; Knudsen
et al. 1987; Crispin and Roberts 1993; Quinn and
Peterson 1996).

Alterations to natural stream processes have
negative effects on plants as well. Fluvial

processes are known to affect the recruitment

and succession of riparian plant coininunities and
other ecological processes in a number of ways
(McBride and Strahan 1984a, b; Buer et al. 1989;

Lisle 1989; Minore and Weatheiiy 1994; Maho-
ney and Rood 1993). Point bars, which can be

negatively effected by the construction of revet-

ment, provide favorable conditions for the

recruitment of riparian trees such as alder and
willow (Russell and McBride 2001; Russell et al.

2002). In addition, periodic silt deposition may
give S. sempervirens a competitive edge over other

coniferous species (Stone and Vasey 1968).

Removal of revetment is intended to return a

stream to a more natural state and to promote
inherent fluvial processes. However, effects of
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revetment, and revetment removal on riparian

vegetation are not well understood. In particular,

there is concern that increased levels of stream-

bank erosion following revetment removal could

endanger existing trees, and limit the recovery of

riparian vegetation.

Because of the direct impacts that revetment

installation has on stream-bank morphology and
likely repercussions for stream-bank vegetation,

this study has been designed to test the hypoth-

eses that the diversity, abundance, and recruit-

ment of vegetation would be highest where
revetment has not been installed, moderate where
it has been removed, and lowest where it is intact;

and that stream-bank slope, and stream depth

would be lowest where revetment has not been

installed, moderate where it has been removed,
and highest where it is intact.

Methods

The diversity, abundance, and recruitment of

streamside vegetation, along with stream channel

characteristics, were analyzed on three streams in

S. sempervires forests in northern California.

Transects were randomly located within three

treatments, where revetment was in place "revet-

ment-intact," where no revetment was present

"no-revetment," and where revetment had been
removed "revetment-removed." Data was ana-

lyzed within and between study sites.

Study Sites

Three study sites were sampled for compari-

son. All of the sites were located in northwest

California in the S. sempervires forest on federal

and state lands. The number of possible sites was
limited, as very few streams in this vegetation

type have had revetment removed. The first site.

Redwood Creek, is a perennial stream in Marin
County, Cahfornia, 20-kilometers north of San
Francisco. Approximately 1.5-kilometers of the

total 5.8-kilometer length of Redwood Creek is

within the boundaries of Muir Woods National

Monument. A dense forest composed of S.

sempervirens and Umbellularia californiea (Cali-

fornia bay-laurel) shades the stream within the

monument, with the exception of the extreme

down stream portion where Alnus rubra (red

alder) dominates. The Civilian Conservation
Corp installed stone revetment on 26 sections of

the stream within Muir Woods during the 1930s.

The revetment has survived mostly intact to the

present time, with only a few sections having

fallen into the streambed. Two treatments,

"revetment-intact" and "no-revetment," were
designated on this site for sampHng. The "revet-

ment-removed" treatment was not sampled on
this site, as no-revetment removal projects had
been implemented at the time of this study.

The second site, Little River, is a perennial

stream located in Mendocino County, California,

approximately 0.5-kilometers north of the town
of Little River. The entire length of the stream is

located within Van Damme State Park. The
vegetation is dominated by Sequoia sempervires

with an understory of Tsuga heterophylla (west-

ern hemlock) and Alnus rubra (red alder)

common near the mouth of the stream. Older
sections of riprap that were constructed in the

1930's are visible along the stream from three to

six kilometers inland from the coast. Newer
sections of revetment, installed in the 1960's and
constructed primarily of gabion baskets, are in

place adjacent to road crossings closer to the

coast. A single large section of these gabion
basket structures, 60-meters in length, was
removed on the north side of the stream in

1996. Significant effort was taken to faciHtate

vegetation recovery following revetment removal
including the installation of large woody debris to

inhibit bank erosion, and planting of stabilizing

vegetation (Lowe et al. 1996).

The third site, Fife Creek, passes for approx-

imately 2.5-kilometers through Armstrong Red-
woods State Reserve in Sonoma County, Cah-
fornia. It is a perennial stream, but drops below
the surface within the park boundaries in some
areas during the dry summer months. The section

of stream used for this study was the farthest

inland of the three sites. The canopy is dominated
by Sequoia sempervires, Umbellularia californica,

and Lithocarpus densiflorus (tan-oak). A series of

check dams flanked by sections of revetment were

installed along the course of the stream within

park boundaries in the 1960s. Riprap, cribbing,

and cement bags were used adjacent to road

crossings, and on unstable portions of stream-

bank. Approximately 600-meters of check dams,

and adjacent revetment, were removed in 1998.

Some effort was taken to protect stream-banks.

Vortex weirs and woody debris were installed

following revetment removal. However, efforts to

facilitate vegetation recovery and protect stream-

banks were modest compared to the Little River

revetment removal project. Significant increased

erosion and head cutting has taken place since

removal.

Sampling Methods

A total of 120 meter-wide transects were used

to collect data, with 1 5 randomly placed transects

within each treatment on each site. Transects

were separated by a minimum distance of 5-

meters. The Fife Creek site included three

treatments (revetment-removed, revetment-in-

tact, and no-revetment) for a total of 45 transects

(Fig. 1). The Little River site included the same
three treatments for a total of 45 transects

(Fig. 2). The Redwood Creek site included two
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Fife Creek
Sampling Location

2003

No-revetment

Revetment- intact

Rev etme nt- remove d

Fig. \. Location of sample points on Fife Creek in

Armstrong Redwoods State Park, California.

treatments (revetment-intact, and no-revetment)

for a total of 30 transects (Fig. 3). Transects

originated at the edge of the stream-bank at the

level of summer base flow (defined as the lowest

annual stream level) and continued, perpendicu-

lar to the stream, to the height of the second

terrace (approximately 1.5-meters above the

elevation of the height of summer base flow;

Fig. 4). The overall length of each transect varied

between 2 to 10-meters depending on the slope of

the streambank.

Three sampling approaches were employed
along each transect. Data were collected at the

point of origin of the transect, within the 1 -meter

width of the transect, and along the length of the

transect using the line intercept method (Kaiser

1983). Data collected at the point of origin

included stream depth, stream-bank slope (mea-

sured with an Abney level), bank full width,

channel slope, and tree canopy cover (estimated

using a spherical densiometer). Within the 1-

meter width of each transect, the occurrence of all

vascular plant species was recorded. The percent

cover of each understory species was determined

using ocular estimates. The basal area of each

tree was calculated from measurement of diam.

taken 1.4-meters from the base the up-hill side of

the tree. The number and species of all tree

seedlings (trees less than 1 -meter in height) were

recorded. The line intercept method was used to

record cover type (e.g. herbaceous plants, shrubs,

trees, litter, bare ground) at 10-centimeter inter-

vals along the center of each transect. In addition,

elevation of the stream-bank was measured at the

I

. Enlarged

Little River Sampling Location
2003

X No-revetment

* Revetment-intact

• Revetment-removed

0 200 400

Fig. 2. Location of sample points on Little River in Van Damme State Park, California.
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Fig. 3. Location of sample points on Redwood Creek in Muir woods National Monument, California.

same 10-ceiitimeter intervals with reference to the

point of origin.

Analysis of Variance (ANOVA) was used to

examine variables between treatments. Fisher's

LSD was conducted as a post-hoc test to

determine significant differences between treat-

ments at a significance level of 95 percent.

Results

Species Richness

The diversity of species was found to be
significantly different between treatments. For
all sites combined, a total of fifty-one species were

found "revetment-intact" transects, fifty-eight on
"no-revetment" transects, and sixty species on
"revetment-removed" transects (Appendix 1). On
Little River a significantly lower species richness

was found on "revetment-intact" than "no-

revetment" and ''revetment-removed" (Fig. 5).

Species richness was not statistically different

between ''no-revetment" and "revetment-re-

moved" (P < 0.01, P < 0.01, P = 0.40). In

contrast, data from Fife Creek indicate that "no-

revetment" had higher species richness than both

"revetment-removed" and "revetment-intact."

Species richness for "revetment-removed" and
"revetment-intact" were not statistically different

(P < 0.01, P < 0.01, P = 0.34). On Redwood

Fig. 4. Cross section of stream channel with transect origin at the level of summer base flow, terminating at the

second terrace (approximately 1.5-meters above summer base flow level).
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Little River

no revetment

10 12 14 16

Fife Creel<

no revetment

Redwood Creek

no revetment

2 4
species/piot

Fig. 5. Richness of plant species (mean number of

species ± standard error) per transect on three streams in

the northern Cahfornia Sequoia sempervirens forest.

Treatments sharing the same lower-case letter within the

same chart were not significantly different (P > 0.05).

Fife Creek

revetment

intact

revetment

removed

no revetntent

20 40 60 100

Redwood Creek

revetment

intact

no revetment

20 40 60

% cover
80 100

Fig. 6. Percent cover of vegetation (±standard error)

on three streams in the northern California Sequoia
sempervirens forest. Treatments sharing the same
lower-case letter within the same chart were not

significantly different (P > 0.05).

Creek, where only two treatments occurred,

species richness was significantly higher for ''no-

revetment" than "revetment-intact" (P = 0.03).

Vegetation Cover

The total cover of vegetation measured with

the line intercept technique was higher where no
revetment had been installed for all three sites

(Fig. 6). On Little River the percent cover of
vegetation was significantly higher for ''no-

revetment" and "revetment-removed" compared
to "revetment-intact" (P < 0.01, P < 0.01, P <
0.71). On Fife Creek, percent cover was signifi-

cantly higher for "no-revetment" than "revet-

ment-removed" and "revetment-intact." No sig-

nificant difference was found between
"revetment-removed" and "revetment-intact" (P
< 0.01, P < 0.01, P = 0.50). On Redwood Creek,
cover was significantly higher for "no-revetment"
than "revetment-intact" (P < 0.01).

Tree Density and Canopy Cover

The greatest number of tree seedlings was
found where no revetment had been installed on
all sites (Fig. 7). The average density of tree

seedlings was statistically different between "re-

vetment-intact" and both "revetment-removed"
and "no-revetment" on Little River. No signifi-

cant difference was found between "revetment-

removed" and "no-revetment" (P < 0.01, P <
0.01, P = 0.11). On Fife Creek, tree seedling

density was statistically higher for "no-revet-

ment" compaied with "revetment-intact" and
"revetment-removed." There was no significant

difference between "revetment-intact" and "re-

vetment-removed (P = 0.43, P < 0.01, P < 0.01).

There was also no significant difference between
treatments on the Redwood Creek site (P =

0.09).

Mixed results were found for the canopy cover

of trees on the three sites (Fig. 8). Little River
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Little River

revetmerit

inta^

no revetment

revetment

intact

Fife Creek

revetment

removed F"^

no revetment

Redwood Creek

no revetment

0.5 1

seedlings/plot
1.5

Fig. 7. Mean density of seedlings per sample (± stan-

dard error) on three streams in the northern California

Sequoia sempervirens forest. Treatments sharing the

same lower-case letter within the same chart were not

significantly different (P > 0.05).

Little River

no revetment

20 40 60 80 100

Fife Creek

ino revetment

20 40 60 80 100

Redwood Creek

Ino revetment

20 40

% cover
80 100

Fig. 8. Percent cover of trees (± standard error) on
three streams in the northern California Sequoia

sempervirens forest. Treatments sharing the same
lower-case letter within the same chart were not

significantly different (P > 0.05).

was not significantly different between "revet-

ment-intact" and ""no-revetment.'' "Revetment-
removed" was significantly lower than both of

the other treatments, however (P = 0.04, P =
0.18, P = 0.02). On Fife Creek "no-revetment"

had significantly higher tree canopy cover than

both "revetment-intact" and "revetment-re-

moved." No significant difference was found
between "revetment-intact" and "revetment-re-

moved" (P = 0.16, P = 0.02, P = 0.02). Tree

canopy cover was not significantly different

between treatments on Redwood Creek (P =
0.32).

Stream-bank Morphology

Stream-bank slope was higher for "revetment-

intact" compared to "no-revetment" on all sites

(Fig. 9). On Little River, "revetment-removed"
was not significantly different than "no-revet-

ment," both of which were significantly lower

than "revetment-intact" (P < 0.01, P < 0.01, P =

0.44). On Fife Creek, stream-bank slope was not

statistically different between "revetment-re-

moved" and "revetment-intact," which were both

significantly higher than "no-revetment" (P =

0.62, P < 0.01, P = 0.03). On Redwood Creek,

the stream-bank slope was significantly higher on
"revetment-intact" compared to "no-revetment"

(P < 0.01).

Stream depth was higher for "revetment-

intact" compared to "no-revetment" for all sites

(Fig. 10). On Little River "no-revetment" was

significantly higher than "revetment-intact." No
significant difference was found between other

treatments (P - 0.23, P < 0.01, P = 0.09). Stream

depth was significantly higher for "revetment-j

intact" and "revetment-removed" compared to,

"no-revetment" on Fife Creek. No difference was;

found between "revetment-intact" and "revet-

ment-removed" (P = 0.36, P < 0.01, P < 0.01).

On Redwood Creek stream depth was signifl-
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removed

Little River
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no-revetment
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no-revetment

no-revetment

Fife Creek

100 120

Redwood Creek

Fig. 9. Stream-bank slope (±standard error) on three

streams in the northern California Sequoia sempervirens

forest. Treatments sharing the same lower-case letter

within the same chart were not significantly different (P

> 0.05).
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Fig. 10. Stream depth (± standard error) on three

streams in the northern California Sequoia sempervirens

forest. Treatments sharing the same lower-case letter

within the same chart were not significantly different (P

> 0.05).

cantly higher for "revetment-intact'' than "no-
revetment" (P = 0.03).

Discussion

The results of this study support the hypoth-
eses that revetment negatively impacts both
vegetation and stream bank morphology. Species

richness, vegetation cover, and tree recruitment

were highest where there was no revetment
compared to where revetment was intact on all

three study sites. Stream-bank slope and stream
depth were also higher where revetment was
intact compared to where revetment had not been
installed. The effect of removal of revetment on
recovery of vegetation was not as clear however,
as significant differences were apparent between
sites.

On Little River, vigorous vegetation recovery
was apparent where revetment had been re-

moved. In contrast, little evidence of vegetation

recovery was found on Fife Creek following

revetment removal. The difference in recovery

between Fife Creek and Little River was likely

due in part to differences in recovery time, pre-

treatment site conditions, and post-treatment

restoration effort. Revetment on Little River

was removed two years earlier than it was on Fife

Creek allowing for more development of vegeta-

tion cover. Stream bank conditions were also

superior on Little River prior to revetment

removal. Habitat alteration was much more
extensive on Fife Creek, where a series of check

dams and road crossings were installed along the

entire course of the stream (Jackson and Marcus
2004). The recovery of vegetation on Little River

was also superior due to a more intensive

restoration efforts following revetment removal.

Stream-bank slope was lower on Little River,

where revetment had been removed, compared to
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Fife Creek where there was Httle difference

between the restored stream bank slope and the

stream bank slope where revetment was still

intact. The post-revetment removal stream bank
grading that took place on Little River reduced

erosion allowed for vegetation to take root (Lowe
et al. 1996). In addition, superior post-revetment

recovery of vegetation may have been related to

better site conditions on Little River where
vegetation cover and species diversity were higher

overall.

Management of riparian areas has significant

consequences for vegetation and the wildlife

species that are dependent on that vegetation

(Russell 2009; Kauffman et al. 1997). Perhaps the

most profound of these management impacts

comes from alterations of the stream channel

itself. Confining streams through the construc-

tion of revetments limits natural fluvial processes

that create the diversity of habitat necessary to

support all of the species inherent in riparian

systems. Restoring stream channels that have
been disturbed by revetment is, therefore, clearly

advantageous, as long as the restoration process

does not cause greater disturbance than the initial

installation. Removal of revetment, by necessity,

exposes stream banks with little or no vegetative

cover. Without adequate treatment of freshly

exposed stream-banks, vegetation may not only

be slowed in recovery, but existing vegetation

could be damaged through erosion. The compar-
ison of these case studies of revetment removal in

the coast redwood forest type suggest that post

removal restoration should be planned carefully

in the context of existing site conditions in order

to facilitate the return of vegetation and stream

channel processes to a more natural condition.
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Appendix 1

The presence of plant species under three treatments on streams in the northern California Sequoia seinpervireus

forest. The three sites are abbreviated in the chart as Little River (LR), Fife Creek (FC), and Redwood Creek (RC).

No-revetment Revetment-intact Revetment-removed

Accv iiicicyoccivpci T T? r \^

/^ctcie vubvci

Adcocciulon bicolov R

Adiciiituiii cileiiticctiii I R T R
Adiantuui psdatwTi T R

A Inus rubra T T> T R R T T?

Anagallis arvemsus T R T R
Antli yriuui Jlix-feuiiiia 1 ^ IN. . IN. V T R R T R
Aralia californica RC
Asuram caudatum LR
Boykinia eJata LR
Bromus vulgaris LR LR
Carex sp. LR, FC, RC LR, RC LR
Cardainiue oligosperuia LR FC
Cki] 'touia perfo/iata FC LR
Ckiytouia siberica LR, RC LR, RC LR
Claytonia sp. RC RC
Clintonia andrewsiana RC
Conium macukituni LR
Coryhis cornutus LR, FC, RC
Cystopteris fragilis LR, FC, RC LR, RC LR
Dactylis glomerata LR
Dicentra farmosa LR LR
Disporwn hooker ii LR, RC RC
Dryopteris sp. FC
Epilobium brachyearpum LR
Epuisetuui sp. LR, RC LR FC
Gallium sp. LR, FC, RC LR, FC, RC LR, FC
Hedera helix FC FC, RC
Heracleum lanatwn LR LR LR
Hieraciuni albifloruni LR LR
Holocus kmatus LR LR
Huchera pilosissin la FC LR
Huchera sp. LR, RC LR, RC LR
Hydrophyllum oceidentales LR LR
Juncus sp. LR
Lithocarpus deusiflorus FC, RC FC, RC FC
Lolium sp. LR
Marah oreganus LR LR
Mitella caulescens LR LR, FC
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Myosotis latifolia LR LR LR
Oenanthe sermentosa LR LR LR
Oxalis oregana LR, FC, RC FC, RC LR, FC
Petasites palmatus LR LR LR
Polypodiimi californicum FC LR, FC
Polypodium gycyrrhiza RC
Polysticiim rmmitum LR, FC, RC LR, FC, RC LR, FC
Pseiidotsuga menziesii RC RC
Pteridiimi aquilinum FC FC FC
Pyrola picta LR
Ranunculus repens LR
Ribes sanguineum LR
Rosa californica RC
Rosa gynmocarpa RC
Rubus discolor LR
Rubus parvijlora LR LR, FC LR, FC
Rubus ursinus LR LR LR
Rubus spectabillis LR LR, RC LR
Rumex crispus LR
Rumex ovtusifolhis LR
Salix sp. LR
Sanibucus callicarpa LR
Sambucus racemosa LR LR
Scrophularia californica LR LR
Sequoia sempervirens FC, RC FC FC
Smilacina racemosa LR RC LR
Stacys sp. LR LR LR
Tellinia grandiflora RC
Toxicodendron diversihbum FC FC
Trillium sp. FC, RC RC
Tsuga heterophylla RC LR
Umbellularia californica FC FC FC
Urtica dioica LR LR LR
Vaccinium ovatum RC RC
Vancouvaria hexandra FC
Vancouvaria plantipetala RC RC
Veratrum fimbrlatum LR
Veronica americana LR LR LR
Viola glabella LR, FC, RC LR LR
Viols sempervirens FC, RC FC, RC LR
Whipplea modesta LR, FC, RC
Woodwardia fimbriata RC
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Abstract

Human expansion into the Mojave Desert is a significant threat to rare desert plants. While
immediate habitat loss is often the greatest concern, rare plants situated near areas where soil surfaces

experience frequent disturbance may be indirectly impacted when fine particulate dust accumulates on
leaf surfaces. Remaining populations of the federally listed Astragalus jaegcriamis (Lane Mountain
milkvetch) occur on land open to expanding military activities and on adjacent public land with

increasing recreational use. This study was initiated to determine whether dust accumulation could

decrease the vigor and fitness of A. jaegerianus through reduced growth. Beginning in early May 2004,

plants located on Bureau of Land Management (BLM) land were dusted bimonthly at canopy-level

dust concentrations ranging from 0 to 32 g/m-, and physiology and growth were monitored until late

June when plants senesced. The maximum experimental dust level simulates dust concentrations of

Mojave Desert perennials neighboring military activities at a nearby army training center. Average
shoot growth declined with increasing dust accumulation, but seasonal net photosynthesis increased.

Further investigation of plants grown in a greenhouse supported similar trends. This pattern of greater

net photosynthesis with increasing dust accumulation may be explained by higher leaf temperatures of

dusted individuals. Ambient dust deposition measured in traps near field plants (May 2004--July 2004)

ranged from 0.04—0.17 g/m7 d, which was well below the lowest level of dust on experimental plants

(3.95 g/m7d). With this low level of ambient deposition, we expect that A. jaegerianus plants in this

population were not greatly affected by the dust they receive at the level of recreational use during the

study.

Key Words: Anthropogenic disturbance. Astragalus jaegerianus, endangered species, eolian dust

deposition, plant physiology.

Many factors threaten the survival of Mojave
Desert plant species. One of the most prevalent

and far-reaching is anthropogenic development,
which not only impacts species directly through
plant injury and habitat loss but generates many
indirect threats as well (Lovich and Bainbridge

1999; Belnap and Warren 2002). Atmospheric
dust generated by soil surface disturbance is an
indirect threat particularly relevant for the

federally endangered perennial Astragalus jaeger-

ianus Munz (Lane Mountain milkvetch) because
the remaining populations occur on lands subject

to increased vehicular traffic.

Individuals of A. jaegerianus are found in four

geographically distinct populations in a limited

area of the western Mojave Desert (U.S. Fish and
Wildlife Service 2004). Two of the four popula-
tions (Brinkman Wash-Montana Mine and Par-

adise Wash) are located almost entirely within

lands withdrawn for the planned expansion of the

Department of the Army's National Training
Center (NTC) at Ft. Irwin, CaHfornia. A third

population (Goldstone) is on existing NTC lands

' Current address: U.S. Geological Survey, Forest and
Rangeland Ecosystem Science Center, 3200 S.W.
Jefferson Way, Corvallis, OR 97331

and the fourth population (Coolgardie Mesa) is

found primarily on Bureau of Land Management
(BLM) lands just south of the NTC. The U.S.

Fish and Wildlife Service listed A jaegerianus as

endangered due to its endemism and its sensitivity

to military activities and other vehicular traffic

(U.S. Fish and Wildhfe Service 1992, 1998). A
better understanding of the impact from multiple

land uses will be helpful in evaluating prospects

for long-term conservation and recovery of the

species.

Protective fencing may prevent direct damage
to plants by military vehicles (U.S. Fish and
Wildlife Service 1998) or recreation, but concern

remains that habitat quality within these protect-

ed areas will be adversely affected by airborne

dust raised by vehicles (U.S. Fish and Wildlife

Service 2004). Long temi exposure to a degraded

habitat could counteract the effectiveness of

fenced areas as a primary means of protection.

Studying the effects of dust deposition on the

physiology, growth and reproduction of A.

Jaegerianus is necessary for assessing the feasibil-

ity of protecting populations that occur near high

activity vehicle routes.

In dry regions like the American Southwest,

eolian dust is a natural occurrence. Dust storms



82 MADRONO [Vol. 56

in the western part of the Mojave Desert are

generated primarily by cyclonic activity during

winter and spring (Brazel and Nickling 1987).

Dry lakebeds (playas) occur within the region

where A. jaegerianus is found, providing a natural

source of fine particulate dust. Human activity on
arid soils such as military transports, training

maneuvers, off-highway vehicles (OHV), mining
activities, and intensive grazing greatly increases

fugitive dust by denuding the land of vegetation

and exposing areas from which dust can be raised

(Adams et al. 1982; Grantz et al. 1998; Padgett et

al. 2007). Human-induced changes in playa

hydrology may also increase nutrient fluxes and
influence plant communities that are downwind
of the disturbed area (Blank et al. 1999).

Fugitive dust associated with human distur-

bances may impact the health of desert plants and
is of particular concern for rare species with

limited ranges. Sharifi et al. (1997) demonstrated
that visibly dusty Mojave Desert perennials

proximate to military activities at the NTC
exhibit a 21-58% reduction in photosynthesis

and a decrease in total shoot length. If leaf

surface dust similarly reduces photosynthesis in

A. jaegerianus. decreased growth and reproduc-

tion over time could negatively impact popula-

tion viability of this rare species.

The goal of this study was to determine

whether surface dust accumulation could de-

crease the vigor of A. Jaegerianus individuals. We
hypothesized that photosynthesis would decrease

with accumulation of dust on the leaves, with a

resultant decrease in growth. In addition, we
examined the site characteristics that influence

the amount of airborne dust intercepted by the

plant canopy.

Methods

Field Studies

In April 2004, we selected A. Jaegerianus plants

from the previously surveyed Coolgardie Mesa
population, located on land administered by
California BLM (Barstow Field Office). The
plants were then sorted into four size classes

based on the dimensions of their canopies. We
randomly chose five plants from each size class

and randomly assigned leaf-level target dust

treatments: 0, 8, 16, 24 and 32 g/m-, yielding

four replicate plants per concentration (total n =
20). The maximum dust treatment was similar to

heavily dusted Atrip/ex eaneseens (Pursh) Nutt.

(Chenopodiaceae) growing near trails created by
military personnel vehicles at the NTC (Sharitl et

al. 1997). The dust concentrations were chosen to

reflect potential future conditions for the two A.

Jaegerianus populations (Brinkman Wash-Mon-
tana Mine and Paradise Wash) which are located

in the planned expansion area of the NTC.

Currently, the Coolgardie Mesa population
experiences soil surface disturbances created by
a nearby OHV recreation site. Off-highway
vehicle use is evident throughout the population
(personal observation) and may increase in

intensity.

The quantity of dust needed to achieve target

dust treatments was based on the ellipsoid area of
each A. Jaegerianus canopy. Experimental dust

was generated by passing soil collected from
nearby roadbeds through a series of soil sieves.

This procedure produced dust particles small

enough to fall through the L-shaped trichomes

and onto the surface of the leaf, which was
verified by microscopic examination. We distrib-

uted a pre-measured quantity of dust onto A.

Jaegerianus individuals through a 45 jam sieve to

ensure uniformity of application on May 07, May
25, June 08, June 22, July 06, and July 20.

We chose three shoots of approximately equal

size on each plant for monitoring growth. Shoot
length and leaf number were recorded bimonthly
prior to and throughout the dusting period (April

28 July 20, 2004). Shoot growth was calculated

as the difference in maximum shoot length and
initial shoot length, averaged over the three

shoots for each plant.

From May 7 to June 22, photosynthesis and
water potential were measured on shoots separate

than those for growth. Prior to each dust

application, one new fully-expanded leaf on each

plant was randomly selected. Following the

accumulating bimonthly dust applications, we
measured leaf-level net photosynthesis (P„et) for

each plant with an open compensating photo-

synthesis system (Li-6400, Li-Cor, Inc., Lincoln,

NE) and mid-day water potentials (\|/) using a

Scholander-type pressure chamber (PMS Instru-

ment Co., Corvallis, OR). To ensure that dust

accumulation did not impair the infrared gas

analyzer measurements, we cleaned the sample

cell using ethanol when sample automatic gain

control (AGC) values reached 3000 mV. In an
effort to allow plant responses to acclimate,

photosynthesis and water potential was not

measured until the morning after an evening

dusting. Photosynthesis was measured between

0900 and 1200 hr and mid-day water potential

(\j/) was measured immediately between 1200 and
1300 hr on the same leaves. Leaf net photosyn-

thesis was expressed on a leaf-area basis by

recording an image of each leaf with light-

sensitive diazo paper and measuring the area

using a leaf-area meter (Li-3000A, Li-Cor Inc.).

Actual leaf-level dust concentration was mea-
sured both before and after bimonthly dusting.

Prior to dust application, a randomly selected leaf

adjacent to the physiological leaf was rinsed with

20 ml of de-ionized water to determine the pre-

application concentration of dust. Immediately

following dust application, another randomly
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selected adjacent leaf was rinsed as described

above to measure the post-application concen-

tration. The resulting residue was dried to a

constant mass in a convection oven at 50 C and
weighed. All leaves used for dust concentration

measurements were marked to avoid using them
for future dust-concentration measurements.
Dust concentration was expressed on a leaf-area

basis by recording an image of each leaf with

light-sensitive diazo paper and measuring the

area using a leaf-area meter (Li-3000A, Li-Cor

Inc.).

To determine the levels of ambient dust

deposition, or accumulation rates, for plants in

the Coolgardie population, we constructed dust

traps based on a design by Reheis and Kihl

(1995). Traps were made of bundt cake pans with

hardware cloth placed approximately five centi-

meters below the top rim. Clear marbles were
placed on top of the hardware cloth, one layer

thick. The rough surface simulated by the

marbles caused dust particles to fall out of the

flow of air into the traps. The marbles also

prevented subsequent passing winds from picking

up and lifting away the trapped dust. Traps were
installed 10 60 m and 50 170 m from one- and
two-track roads, respectively. Fifteen traps were
placed within the Coolgardie population, with

four traps placed among the study plants and 1

1

associated with additional milk-vetch plants. The
traps were positioned on fence posts at shrub

height, approximately one meter above the soil

surface. Traps were rinsed monthly using de-

ionized water, and the residue dried and weighed.

Dust concentration was expressed based on the

inside area of the bundt cake pan.

Greenhouse Studies

the dusted treatment was the same as the target

maximum level applied in the field (32 g/m^). The
quantity of dust applied was based on the area of
the study plant canopy as in the field experiment.

The treated plants were visibly dusty compared to

the untreated control plants and retained dust on
the shoots and leaves between applications. At
the end of each month, we washed three leaves of

each target plant with 20 ml of de-ionized water
to determine average cumulative dust concentra-

tion. Shoot length and leaf number were recorded

weekly for the growth shoots. Leaf-level net

photosynthesis was also measured weekly on one
''new" leaf and one "old" leaf from each plant.

New leaves were characterized as the most recent,

fully formed leaf on a shoot. Old leaves were
initially selected by tagging the fifth leaf from the

growing tip on a randomly chosen shoot. Once
this initial leaf showed signs of senescence, such

as yellowing or desiccation, we switched to the

next younger leaf on the same shoot.

Analysis

Maintaining a fixed leaf-level dust concentra-

tion on plants in the field was challenging because
of the difficulty of dusting whole canopies of

disparate branching architecture, as well as varied

wind direction and velocity between sampling
periods (Fig. 1). Though we were unable to

maintain target dust concentrations, we did apply

a constant pressure of dust throughout the study

period and achieved a dust concentration gradi-

ent.

To express this constant pressure, we integrat-

ed the fluctuating dust concentration over the

study period, using the trapezoidal rule generated

in SigmaPlot (version 9.01, Richmond, CA) and

We established A. jaegeriamis individuals in the

greenhouse in April 2004 using seeds collected

from the Goldstone population in 2003. The
seeds were scarified with sandpaper (Sharifi and
Prigge personal communication) and sown in

pots modified from PVC pipe measuring 30 cm in

length (10 cm diam.) with wire mesh on the

bottom to allow for drainage. Shoots were
! supported with trellises fashioned from plastic

I

chicken wire and later transplanted to five-gallon

i pots to discourage constriction of the root

1 system, which might influence photosynthetic

responses.

To clarify results obtained from the field

:
experiment, we dusted plants in the greenhouse

i

from December 16, 2004 to January 27, 2005.

I Five replicate plants were randomly assigned

\ either a dusted treatment or non-dusted control

1 (n = 10). Two shoots of equivalent size on each
plant were chosen to monitor growth. Dust was
created and applied weekly using the field

protocol. The target dust concentration level for
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Fig. 1. Leaf dust concentrations measured on May 25

before dust application did not reflect dust concentra-

tions applied 2 wk earlier on May 7 in the field (F; 17
=

0.26, P = 0.61, R- = 0.02), indicating low retention of

leaf dust between applications. Line indicates the

expected 1:1 ratio if all applied dust was retained

between sampling periods.
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divided by the length of the study period to

obtain the average daily dust concentration that

each individual plant experienced over the

duration of growth and physiology measure-
ments (g/m-). Photosynthesis and mid-day water
potential were similarly expressed as an integrat-

ed average using SigmaPlot. Physiology data

from the fourth sampling period were omitted

because plants began senescing by this time;

therefore average daily dust concentration for

these measurements were adjusted accordingly.

All data were analyzed using SAS statistical

software (version 9.1.3, Cary, NC). Patterns in

plant physiology and growth associated with dust

application in the field were analyzed using

simple linear regression. Shoot growth and leaf

number data from the field were heteroscedastic,

and leaf number data included several zeros.

Therefore, shoot growth was log-transformed

before analysis, and leaf number was analyzed

using Poisson regression with overdispersion

included in the model (GLM procedure). Growth
responses to dust treatments applied to green-

house plants were analyzed with a nonparametric
Wilcoxon rank sum test. Photosynthetic respons-

es were analyzed using a split-plot ANOVA, with

dust treatment as the whole plot and leaf age as

the split-plot. A multiple linear regression was
used to determine whether dust trap characteris-

tics (elevation and distance from single- and dual-

track vehicle routes), mean maximum daily air

temperature and rainfall were associated with

monthly deposition of dust in traps (Fernandez
2003).

0 5 10 15 20 25 30 35

Average daily dust concentration (g/m^)

Fig. 2. Seasonal shoot growth (a) (i.e., change in

shoot length) declined with increasing leaf dust

concentration (Log[shoot growth] = 2.62 — 0.20*[dust

concentration]). Leaf production (b) declined slightly as

leaf dust concentration increased.

Results

Field Studies

Phenological measurements indicated a steady

increase in shoot length across all plants until

most plants reached peak growth in mid June. As
dust concentration increased, shoot growth de-

creased (for log-transformed data, P = 0.01, Fi jg
= 7.67, = 0.37) and there was a trend towards
lower leaf production (P = 0.06, xus = 3.43;

Fig. 2). Net photosynthesis increased as the

concentration of dust on leaves increased (P =
0.02, Fi,i8 = 6.47, R- = 0.26), but no difference in

water stress across the dust concentration gradi-

ent was detected (P = 0.95, Fjjy = 0.00, R- =
0.00; Fig. 3).We found a positive correlation

between dust level and leaf temperature (Pearson
correlation coefficient r = 0.49, P = 0.03) and
between leaf temperature and leaf-level photo-
synthesis rate (Pearson correlation coefficient r =
0.63, P < 0.01; Fig. 4).

Ambient dust deposition rates in the traps for

May 2004^July 2004 ranged from 0.04^0.17 g/m-/

day. The study area is intersected by one
unimproved single-track route and several dual-

track vehicular routes. Rainfall, mean maximum
daily temperature and distance to the single-track

route were significant factors explaining daily dust

concentration (overall model, P < 0.01, F2, 116
=

39.96, R- = 0.41). High dust concentrations were
associated with low monthly rainfall, high mean
maximum daily temperature (Fig. 5), and prox-

imity to the single track road. Wind direction and
speed likely varied throughout the area as well but

were not recorded during this study.

Greenhouse Studies

Cumulative leaf-level dust concentration on
treated plants at the end of the experiment ranged

from 20^0 g/m-. Neither shoot growth (P =

0.30, z = 0.52) nor leaf production (P = 0.46, z =
0.11) differed between dusted plants and control

plants (Fig. 6). Dusted plants appear to have

higher seasonal photosynthesis than controls but

this difference was not statistically significant (P

= 0.33, Fi 8 = 1.06; Fig. 7). As we expected, new
leaves had significantly higher rates of photosyn-

thesis than old leaves (P = 0.04, Fj^g = 5.76;

Fig. 7). While greenhouse results were largely
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Average daily dust concentration (g/m^)

Fig. 3. Average leaf-level net photosynthesis (a)

increased with increasing leaf dust concentration.

Average midday water potential (b) did not change
significantly with increasing leaf dust concentration.

non-significant, the trends are consistent with

field results.
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Fig. 4. Relationships between (a) dust concentration

and leaf temperature (leaf temperature = 23.84 + 0.09*

[dust concentration]) and (b) leaf temperature and leaf-

level photosynthetic rate (photosynthesis = —149.78 +
7.37 *[leaf temperature]).

Discussion

Studies of dust deposition on desert plants

suggest that photosynthesis and growth are

negatively impacted by the dust that falls on the

surfaces of leaves (Beatley 1965; Sharifi et al.

1997, 1999). Though not all of the dust experi-

mentally applied to A. jaegericmus plants was
retained on the leaf surfaces in our field study, the

net accumulation of dust after repeated applica-

tions reduced shoot growth. Astragalus jaeger-

ianus individuals are rarely observed growing
outside of the canopy of desert shrubs (Prigge et

al. 2000), which they use as a trellis for support
(Gibson et al. 1998). At the same time, A.

jaegerianus requires at least two-thirds full

sunlight to reach maximum net photosynthetic
rates (Gibson et al. 1998). Consequently, we
expect that A. jaegerianus individuals experienc-
ing prolonged exposure to dust next to heavily

used vehicle routes may not grow to the height

needed to acquire adequate sunlight and achieve
maximum net photosynthetic rates. Flower and
fruit production during the study was poor
irrespective of dusting treatment and were not

analyzed (i.e., only 28% of the shoots measured
had fiowers or fruits), thus it remains to be seen

whether reproductive effort over the life of the

plant is compromised by diminished growth.

Dusted A. jaegerianus individuals in the field

had reduced shoot growth compared to undusted
plants. Contrary to our original hypothesis,

however, average net photosynthesis increased

with leaf dust concentration and is counter-

intuitive because of the decrease in shoot growth.

We considered that dust accumulation could

stimulate compensatory leaf production or shift

internal plant resources within the photosynthetic

mechanism to enhance photosynthesis. Conse-
quently, we expected greater leaf production and/

or higher photosynthetic rates in new leaves on
dusted plants than those on undusted plants. We
measured photosynthesis on both new and old

leaves on dusted and control plants in the

greenhouse. Similar leaf production and photo-

synthetic rates between dusted and undusted
leaves do not support this explanation. Alterna-

tively, higher dust loads on leaves are known to

increase absorption of incident radiation, raising

leaf temperature and shifting the temperature-
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Fig. 5. Mean ambient dust deposition (±standard deviation) collected in 15 traps over the study area was highest

during the late spring months when A. Jaegcriaiuis plants were active. No precipitation fell during May, June and
July. Dust concentrations were averaged over February and March because trap contents were not emptied at the

end of February.

response curve (Hiraiio et al. 1995). Leaves of

plants in the field that had higher dust concen-

trations also had higher leaf temperatures. Dust-

induced increases in leaf temperatures and subse-

quent photosynthetic rates during early spring

would extend the activity period that milkvetch

could maintain positive net photosynthetic rates,

but as spring temperatures increased, leaf tem-

peratures of dusted plants likely lowered net

photosynthetic rates, thus reducing shoot growth.

Dusted plants in the greenhouse tended to have
lower shoot growth and greater net photosynthe-

sis, though the results were not statistically

significant. While it is possible that we were

Control Dust Control Dust

Fig. 6. Average shoot growth (a) and leaf production

(b) for greenhouse grown plants (n = 5 for each

treatment; ± standard deviation). Neither shoot growth
nor leaf production were significantly different between
dusted and control plants.

unable to detect a significant treatment difference

due to the low number of plants available for the

experiment, enhanced water status of greenhouse

plants may also have offset the negative effects of

dust. Sharifi et al. (1999) showed that naturally

dusted Larrea tridentata (Sesse & Moc. ex DC.)
Coville individuals that received irrigation had
higher shoot water potentials and more growth
than non-irrigated individuals. The greenhouse

A. jaegerianus plants were watered regularly,

which may have been sufficient to counteract

any effect of dust accumulation.

Ambient dust deposition for the Coolgardie

population during the study period was on the
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Fig. 7. Net photosynthesis was not different between

dusted and control plants in the greenhouse. However,

new leaves did exhibit significantly higher rates of net

photosynthesis than old leaves.
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upper end of yearly dust accumulation rates

reported for the Mojave (Reheis 2006) over a 16-

year period. The dust traps used in this study

create local turbulence causing any dust remain-

ing on the top of the trap to be carried away, and
thus may be underestimate the true rate of

accumulation on vegetation (Reheis and Kihl

1995). Integrating trap dust fluxes over May and
June, which roughly corresponds to the field

dusting experiment, enabled us to compare the

result to control (non-dusted) study plants. The
cumulative daily dust concentration in the traps

ranged from 1.14-^2.82 g/m-, while cumulative

dust concentration on control plants was 4.15-

9.10 g/m-. With this low level of ambient
cumulative deposition, we expect that A. Jaeger-

iaims plants in this population were not greatly

affected by the dust they received from unim-
proved vehicle routes by the end of the study. In

addition, all of our study plants recovered from
experimental dusting after heavy winter rains and
put out new growth for the 2005 season. Future

protection of this population will depend on
minimizing the proliferation of single-track

routes, especially during periods of low rainfall

when dust evolution is greatest.

Experimental dust accumulation on study

plants simulated potential scenarios for the

Brinkman Wash-Montana Mine and Paradise

Wash populations, located in the expansion area

of the NTC, where fugitive dust is expected to

increase due to military training. Proposed
conservation areas (U.S. Fish and Wildlife

2005) will be more beneficial if there is an
adequate buffer zone between the dust source

and the plants. Buffer zones have been an
effective means of preventing other airborne

contaminants such as pesticides that drift onto
non-target plants or areas (de Snoo 1999;

Robinson et al. 2000; Burn 2003) and may help

prevent excess dust from drifting onto A.

jaegericnms populations.

Even though direct loss of habitat is the

greatest threat for A. jaegerianus, dust generated

by recreation and expanded military training near
A. jaegerianus habitat is a concern for the

continued persistence of plants, whether protect-

ed in conservation areas or in areas fenced to

prevent direct losses of individuals. Low ambient
dust levels for the Coolgardie population did not
pose a hazard during this study; however,
monitoring of dust generation should continue
because increased recreational use of the area is a

concern.

Dust impacts within the NTC expansion area

can potentially be reduced by providing sufficient

distance, or a buffer, between the source of dust

and A. jaegerianus populations. Designation of
buffer zones should also take into consideration
the dust concentration threshold at which A.

jaegerianus reproduction is reduced to below the

rate required to maintain minimum viable

populations. Monitoring of dust deposition, as

well as measurements of A. jaegerianus physiol-

ogy, growth and reproduction should continue

after the expansion occurs to assess efficacy of the

buffer zones in maintaining A. jaegerianus
populations.

Acknowledgments

We acknowledge the support of Connie Rutherford
and Ray Bransfield at the USFWS (Ventura, CA office)

during all phases of this study. In addition, we
appreciate the help of Charles Sullivan at CA-BLM in

Barstow, CA for obtaining approval to work on BLM
land. We thank Marith Reheis for advice on dust trap

design. Assistance from Student Conservation Associ-

ation Resource Interns Anna Braswell, Crystal Ed-
wards, Lisa Jones and Stacy Smith is appreciated as

well as help from our USGS coworkers Adam Nilsson,

Karissa Smith, Dustin Haines, Todd Esque, Ken
Nussear, J.R. Machett and Bridget Lair. We thank
Julie Yee for her review of the statistics and suggestions

that improved the final manuscript. Funding for this

project was generously provided by USFWS, under
FWS permit #TE-022630-l . Any use of trade, product,

or firm names in this publication is for descriptive

purposes only and does not imply endorsement by the

U.S. government.

Literature Cited

Adams, J. A., A. S. Endo, L. H. Stolzy, P. G.
Rowlands, and H. B. Johnson. 1982. Controlled

experiments on soil compaction produced by off-

road vehicles in Mojave Desert, California. Journal

of Applied Ecology 19:167-176.

Beatley, J. C. 1965. Effects of radioactive and non-

radioactive dust upon Larrea divaricata Cav.,

Nevada Test Site. Health Physics 1 1 : 1621-1625.

Belnap, J. and S. Warren. 2002. Patton's tracks in

the Mojave Desert, USA: an ecological legacy.

Arid Land Research and Management 16:245-258.

Blank, R. R., J. A. Young, and F. L. Allen. 1999.

Aeolian dust in a saline playa environment,
Nevada, U.S.A. Journal of Arid Environments
41:365-381.

BrAZEL, a. J. AND W. G. NiCKLING. 1987. Dust
storms and their relation to moisture in the

Sonoran-Mojave Desert region of the South-

western United States. Journal of Environmental
Management 24:279-291.

Burn, A. 2003. Pesticide buffer zones for the protection

of wildlife. Pest Management Science 59:583-590.

DE Snoo, G. R. 1999. Unsprayed field margins: effects

on environment, biodiversity and agricultural

practice. Landscape and Urban Planning
46:151-160.

Fernandez, G. 2003. Data mining using SAS appli-

cations. Chapman and Hall/CRC, Boca Raton,

FL.

Gibson, A. C, M. R. Sharifi, and P. W. Rundel.
1998. Ecophysiological observations of Lane
Mountain Milkvetch, Astragalus jaegerianus (Fa-

baceae), a proposed endangered species of the

Mojave Desert. Aliso 17:77-82.

Grantz, D. a., D. L. Vaughn, R. Farber. B. Kim,
M. Zeldin, T. Van Curen, and R. Campbell.



88 MADRONO [Vol. 56

1998. Seeding native plants to restore desert

farmland and mitigate fugitive dust and PMiq.
Journal of Environmental Quality 27:1209-1218.

HiRANO, T., M. KiYOTA, AND I. AiGA. 1995. Physical

effects of dust on leaf physiology of cucumber and
kidney bean plants. Environmental Pollution

89:255-261.

LoviCH, J. AND D. Bainbridge. 1999. Anthropogenic
degradation of the southern California desert ecosys-

tem and prospects for natural recovery and restora-

tion. Environmental Management 24:309-326.

Padgett, P. E., W. M. Dobrowolski, M. J. Arbaugh,
AND S. A. Eliason. 2007. Patterns ofcarbonate dust

deposition: implications for four federally endan-

gered plant species. Madroiio 54:275-285.

Prigge, B. a., M. R. Sharifi, and D. Morafka.
2000. Lane Mountain Milk-vetch Surveys. Progress

Report III. Prepared for the National Training

Center, US Department of the Army, Contract #
DSCA05-99-P-0759. Dominguez Hills Foundation,

Carson, CaHfornia.

Reheis, M. C. 2006. A 16-year record of eolian dust in

Southern Nevada and California, USA: Controls

on dust generation and accumulation. Journal of

Arid Environments 67:487-520.

and R. Kihl. 1995. Dust deposition in

southern Nevada and California, 1984^1989: rela-

tions to climate, source area, and source lithology.

Journal of Geophysical Research 100:8893-8918.

Robinson, R. C, R. G. Parsons, G. Barbe, P. T.

Patel, and S. Murphy. 2000. Drift control and

buffer zones for helicopter spraying of bracken
{Pteridium aquilinum). Agriculture Ecosystems &
Environment 79:215-231.

Sharifi, M. R., A. C. Gibson, and P. W. Rundel.
1997. Surface dust impacts on gas exchange in

Mojave Desert shrubs. Journal of Applied Ecology
34:837-846.

, , AND . 1999. Phenological and
physiological responses of heavily dusted creosote

bush {Larrea tridentata) to summer irrigation in the

Mojave Desert. Flora 194:369-378.

United States (U.S.) Fish and Wildlife Service.

1992. Endangered and threatened wildlife and
plants; proposed rule for seven desert milk-vetch

taxa from California and Nevada. 57 Federal

Register 90 (8 May 1992): 19844-19851.
. 1998. Endangered and threatened wildlife and

plants: determination of endangered or threatened

status for five desert milk-vetch taxa from Califor-

nia. 63 Federal Register 193 (6 October 1998):

53596-53615.
. 2004. Endangered and threatened wildlife and

plants; proposed designation of critical habitat for

Astragalus jaegerianus (Lane Mountain milk-

vetch). 69 Federal Register 66 (6 April 2004):

18018-18035.
. 2005. Endangered and threatened wildlife and

plants; designation of critical habitat for Astragalus

jaegerianus (Lane Mountain milk-vetch); Final

Rule. 70 Federal Register 67 (8 April 2005):

18220-18241.



Madrono, Vol. 56, No. 2, pp. 89 98, 2009

EFFECTS OF FIRE AND GROUNDWATER EXTRACTION ON ALKALI
MEADOW HABITAT IN OWENS VALLEY, CALIFORNIA

Daniel W. Pritchett
401 East Yaney St., Bishop, CA 93514

skypilots@telis.org

Sara J. Manning'
Inyo County Water Department, P. O. Box 337, Independence, CA 93526

smanning@telis .org

Abstract

Alkali meadow habitat—a groundwater dependent ecosystem—is rare in California, and its

response to fire has not been documented. We sampled vegetation in this habitat across a pumping-
induced depth-to-water (DTW) gradient immediately before, then eight weeks after, a summer
wildfire. After the fire in the burned area, we documented vigorous re-growth of native perennial

grasses in areas of shallow groundwater but no re-growth of shrubs. The dominant grass Sporobolus

airoides fiowered in the shallow end of the DTW gradient but never advanced beyond vegetative

phenology (leaves) in the drawn-down end. DTW explained 77% of the grass cover variance in the

post-fire burned area, and 87% and 94% of the grass cover variance in the pre-fire and post-fire

unburned (control) areas, respectively. This suggests that post-fire re-growth was re-establishing a

cover-DTW relationship already present before the fire. The principal short-term fire effect was the

elimination of shrub cover due to apparent shrub mortality. Our study shows fire may be an effective

management tool for regenerating alkah meadow in areas of shallow groundwater. However, in areas

subject to long-term water table drawdowns we found negligible grass re-growth and increased

vulnerability to erosion, suggesting fire may accelerate the process of type-conversion from meadow to

xeric shrubland.

Key Words: Distichlis spicata, fire, groundwater-dependent, groundwater pumping, habitat loss,

Sporobolus airoides, vegetation change, water table.

On July 6, 2007, lightning strikes along the

base of the eastern escarpment of the Sierra

Nevada in Owens Valley, California, started

several fires. They became known as the Inyo
Complex fire as they coalesced and burned
> 14,000 ha, almost destroying the towns of
Independence and Big Pine. The fires started in

sagebrush/bitterbrush shrubland high on alluvial

fans and were blown by strong winds downslope
through Mojave Desert shrubland to burn alkah

meadow habitat at the fan toes.

Re-growth after the fire varied considerably in

the alkali meadow. In some areas we observed
native perennial C4 grasses, Sporobolus airoides

(alkali sacaton) and Distichlis spicata (saltgrass,

nomenclature follows Baldwin et al. 2002), re-

sprouting within days after the fire. In other areas

we saw no re-growth. After several weeks, grass

re-growth was so robust in some areas it was
difficult to tell that a fire had occurred.

Alkah meadow habitat is rare in California

(Sawyer and Keeler-Wolf 1995), and there are few
quantitative data regarding its response to fire.

Anecdotal observations made after other recent

Owens Valley fires suggest S. airoides and D.

' Present address: Big Pine Paiute Tribe Environmen-
tal Department, P.O. Box 700, Big Pine, CA 93513.

spicata recover rapidly in areas of shallow
groundwater, but we had not had the opportunity

to closely monitor recovery after fires in areas

subject to groundwater drawdowns. Understand-
ing the response of alkali meadow to fire in areas

of lowered water table is important because
drawn-down water tables underlie much of this

habitat in Owens Valley. The Inyo Complex fire

burned a portion of alkali meadow habitat which
covered a large gradient in depth-to-water table

(DTW) at the time of the fire. It thus offered an
unplanned opportunity to observe alkali meadow
response to fire in areas of both shallow and
deeply drawn-down groundwater.

Our primary objectives were to: 1) document
species composition, cover, frequency, and phe-

nology of the observed post-fire growth through-

out the burned portion of the study area; 2)

compare characteristics of pre- and post-fire

vegetation; and 3) determine the extent to which
DTW could account for vegetation patterns in

the study area.

Methods

Study Site

Owens Valley lies on the western edge of the

Great Basin in eastern California at an elevation



90 MADRONO [Vol. 56

of approximately 1200 m above mean sea level.

The Sierra Nevada borders the valley on the west,

and the White and Inyo Mountains flank its

eastern side. Owens Valley summers are hot and
dry; winters are cold, and more than three-

quarters of average annual precipitation falls

during the October to March cold period.

Although the climate is arid, with average annual

precipitation of 130 mm, abundant water from
Sierran snowmelt flows into Owens Valley and
annually recharges shallow groundwater aquifers

which underlie thousands of hectares of the valley

floor (Hollett et al. 1991 ). As a result, valley floor

vegetation is dominated by phreatophytic plant

species assembled in alkali meadow and sink

habitats (City of Los Angeles and County of Inyo

1991; Howald 2000). The growing season for

alkali meadow species in Owens Valley com-
mences in late March (first of spring), reaches a

peak in late June when leaves and stems are fully

grown, then enters winter dormancy in early

October (Sorenson et al. 1991).

AlkaH meadow vegetation is characterized as

groundwater dependent because its estimated

actual evapotranspiration exceeds annual precip-

itation (City of Los Angeles and County of Inyo

1991). Under the classification of groundwater-
dependent ecosystems by Eamus et al. (2006),

alkali meadow habitat falls under the "phreato-

phytic" category, because groundwater is not

regularly expressed on the ground surface. In

Owens Valley, large expanses of alkah meadow
occur at the toes of Sierran alluvial fans located

several miles from open water or Owens River,

and the study site is in such a setting.

Most alkali meadow habitat in Owens Valley

is on land owned by the City of Los Angeles and
is managed for grazing and water export to Los
Angeles by the Los Angeles Department of

Water and Power. In the mid 1980's, "parcels''

of relatively homogeneous vegetation in Los
Angeles' holdings were delimited, mapped, and
inventoried for species composition and cover.

Groundwater levels and vegetation cover and
composition on selected parcels have been
regularly monitored since 1991. The study site

(Fig. 1), located approximately 12 km north of

the town of Independence, consists of two
adjoining parcels classified in the 1980's as

alkali meadow, a classification consistent with

Lee's (1912) "grassland" classification made
over 70 yr before. Both study site parcels were
dominated before the fire by two native

phreatophytic grasses S. airoides and D. spicata,

and, in places, by the encroaching shrubs
Artemisia tridentatci. Atrip/ex lentiforiuis subsp.

torreyi, and/or Clirysothcmmus nauseosus. Histor-

ically, livestock grazing had occurred throughout
the study area (typically from October through
May), including during spring 2007. After the

July 2007 fire, livestock were excluded from the

study area for the remainder of the 2007 growing
season.

Substrate of the study site is a combination of
ancient beach, bar, or river channel sediments.

These deposits lie between alluvial fan deposits

upslope to the west and fluvio/lacustrine deposits

of the valley floor downslope to the east (Hollett

et al. 1991). Soils are moderately- to poorly-

drained loams (USDA Natural Resources Con-
servation Service 2002).

Vegetation Sampling

Inyo County Water Department (ICWD)
monitors vegetation composition and cover each

summer along randomly-located 50-m transects

in selected parcels. ICWD uses the point-inter-

cept technique (Bonham 1989) to determine
species composition of the top canopy layer at

0.5-m intervals along the transect. The endpoints

of these transects are not permanently marked,
but the starting location is recorded with a GPS
unit, and its randomly-generated compass bear-

ing is recorded. Two weeks before the Inyo

Complex fire, ICWD read point-intercept tran-

sects at 48 random locations throughout the two
parcels comprising the study area (Fig. 1).

We conducted visual reconnaissance of the

burned area several times, starting one week after

the fire. Eight weeks after the fire, August 30-

September 6, 2007, we used GPS and compass
bearings to approximately relocate then re-

sample the 48 pre-fire random transect locations

in the study area. Twenty were in burned areas

and 24 in un-burnt areas. Four of the 48 transects

were not sampled because they crossed the burn
boundary. To increase the size and spatial extent

of post-fire sampHng, we randomly selected 22

additional transects throughout the study site.

Altogether, we obtained data from 37 transects in

the burned area and 29 from the unburned
"control" area after the fire (Fig. 1). We em-
ployed the same point-intercept method used

before the fire to measure species composition

and estimate top layer canopy cover. We also

noted the most advanced phenology of each

species sampled along each transect in the burned

area. Phenology was not recorded along pre-fire

transects nor along transects in the unburned
control area.

Precipitation and Water Table Data

ICWD maintains a precipitation gauge in the

study area, and its precipitation totaled 31 mm
for the period October 1, 2006-April 30, 2007.

No precipitation was recorded from April 17,

2007, until August 28 30, when 3 mm were

recorded. Average precipitation for the ICWD
gauge period of record (1993 2006) was 160 mm.
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Fig. 1 . Study area and sample sites. The 204-ha study area is outlined in black. The burned portion is indicated by
stippling and covers 76 ha. Open circles represent start points of transects read before the fire; solid triangles

represent start points of transects read after the fire in the burned area; open squares represent start points of

transects in the unburned (control) area. Map projection: UTM Zone 11, NAD 27.

To show the historic DTW gradient in the

study area we digitized the 8 ft (2.4 m) and 4 ft

(1.2 m) contours from Lee's (1912) map and
included them in Fig. 2. Lee (1912) estimated

DTW in southern Owens Valley during the

period 1908 1911 based on readings of 169

observation wells, seven of which were in or

adjacent to the study area. Lee gathered his data

before large scale groundwater pumping had
been initiated in Owens Valley.

To show the 2007 DTW gradient, we ob-

tained DTW data collected on or near April 1,

2007, from 14 observation wells in or immedi-
ately adjacent to the study area (Fig. 2). We
chose April 1 DTW data because early spring

groundwater levels typically represent the an-

nual high stand before decline due to the onset

of seasonal evapotranspiration (Lee 1912), and
because they are used by ICWD and other

researchers for tracking annual changes in

groundwater depth as well as for investigations

of DTW-cover relationships (Elmore et al.

2006). Next, we applied ordinary kriging, as

implemented in ArcGIS 9.2, Spatial Analyst

extension software (cii"cular variogram, 10-m
grid cells, and default values for other param-
eters), to the April 2007 DTW data to create a

DTW grid covering the study area. We chose

kriging as opposed to other interpolation

techniques because it is recommended in cases

where sample sites are irregularly spaced (Le-

gendre and Legendre 1998). We derived DTW
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Fig. 2. Historic and 2007 water table gradient. Solid black line outlines study area. Dotted lines represent April

2007 water table contours (labeled in meters from ground surface). Bold-faced dashed lines represent the —8 ft

(— 2.4 m) and —4 ft (—1.2 m) water table contours mapped by Lee (1912). Crossed circles represent monitoring
wells used for kriging, and adjacent numbers represent April 2007 DTW values at the wells. Scale and map
projection as in Fig. 1.

contours from the grid and included them in

Fig. 2.

The current DTW gradient in the study area

—

with drawdowns of up to 5 m and alterations of

subsurface flow relative to conditions mapped by
Lee (1912)—is controlled by large scale ground-
water extraction which began in 1970 (Fig. 3)

(City of Los Angeles and County of Inyo 1991;

Steinwand and Harrington 2003a, b; City of Los
Angeles Department of Water and Power and
Inyo County 2007).

To estimate DTW under each vegetation

transect, we overlaid the 2007 transects on the

kriged 2007 DTW grid and calculated the DTW
as the mean of all grid cells intersected by the

transect.

Analysis

We grouped transect data into three sets for

analysis: 1) pre-fire data covering the entire study

area; 2) post-fire data from the burned portion of

the study area; and 3) post-fire data from the

unburned control portion of the study area. To
characterize vegetation we calculated each spe-

cies' mean cover and frequency based on the

transects sampled in each dataset. We used a

bootstrap technique to estimate standard errors

because of the skewed distributions of most
species (Elzinga et al. 1998). We calculated the

Mann-Whitney U statistic to determine if the

mean cover of S. airoides, the dominant species in

the post-fire burned area, differed from its cover
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Fig. 3. Groundwater pumping from wellfield in which study site is located. Amounts (in ha-m) are shown as five

water-year cumulative totals, 1931-2005.

in the pre-fire and post-fire control datasets. We
calculated the chi square statistic to find out if

frequencies of the three most common species in

the post-fire burned area differed significantly

from their frequencies in the pre-fire and post-fire

control datasets. We calculated the Mann-Whit-
ney U statistic to determine if there was a

significant difference in mean DTW between
post-fire burned transects with flowering S.

airoides versus those with vegetative-only indi-

viduals. To allow visual comparison of cover and
frequency of each species among the three

datasets we juxtaposed data in a table.

We used ordinary least-squares regression (as

implemented in Sigma Plot 10.0 software) to

attempt to explain variance in grass cover
(summed cover of S. airoides and D. spiccita at

each transect) as a function of estimated April

2007 DTW at each transect in each dataset. Each
transect's grass cover and DTW represented a

single data point in these regression analyses. We
performed exploratory linear regressions on raw
data, then transformed grass cover data by
adding one to each value and taking the natural

log of the sum. We then regressed the trans-

formed data against DTW using a sigmoid curve.

We chose the sigmoid curve rather than the

straight line for both practical and theoretical

reasons: it explained more variance, and species

abundance can be better related to environmental
gradients by unimodal curves (ter Braak 1996), of
which sigmoid curves are special cases (ter Braak
and Looman 1995).

Results

Fire Effects

At our first site reconnaissance within days after

the fire, virtually all above-ground biomass had
been reduced to ash or charred wood. By eight

weeks after the fire, seven species showed measur-
able re-growth in the burned area (Table 1). Total

transect cover ranged from zero to 38%.
Sporoholius airoides and D. spicata were the

dominant graminoid species, dominant overall,

and showed great spatial variation in cover.

Glycyrrhiza lepidota was the third most abundant
herb. Sporobolius airoides and Heliotropiuni

eurassavicum sampled in burned-area post-fire

transects were in both vegetative and flowering

states, while we sampled D. spieata only in

vegetative state.

Average cover of S. airoides, the dominant
species in the burned area after the fire, was
significantly lower than S. airoides measured in

pre-fire and post-fire control datasets (P < 0.05)

(Table 1). However, post-fire frequencies of the

three most common species in the burned area

did not differ significantly from frequencies in the

pre-fire and post-fire un-burned control area

datasets (Table 1). Although most graminoid
species recorded before the fire were recorded

after the fire, few other herbaceous and woody
species were sampled on post-fire transects in the

burned area. A single hit on Salix exigiia was the

only documentation of post-fire shrub re-growth

(Table 1).

DTW Effects

Grass cover was significantly correlated with

DTW in all three datatsets (P < 0.01). DTW
explained 87% of the variance in pre-fire grass

cover, 77% of the variance in the post-fire burned
area, and 94% of the variance in the post-fire

control area (Fig. 4).

The mean DTW for transects with flowering S.

airoides was 2.6 m (SE = 0.20) and was shallower

than the mean for transects in which S. airoides

was in vegetative state only, 3.6 m (SE = 0.32),

and the difference was significant (P < 0.05).

Heliotropium eurassavicum was also observed

flowering along transects after the fire, but the

sample size was too low for statistical analysis.
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Fig. 4. Grass cover as a function of DTW in meters
below ground surface. Dotted lines represent 95%
confidence limits: (A) Pre-fire dataset, n = 48; (B)

Post-fire burned area dataset, n = 37; (C) Post-fire un-
burned control dataset, n = 29. All coefficients were
significant at P < 0.01.

Discussion

Fire Effects

The fire's timing in summer, the noted
thoroughness of combustion of above-ground
biomass, and the meager precipitation in 2007

(both before the fire and in the eight weeks after

the fire), led us to expect little re-growth before

the 2008 growing season (following winter
precipitation). We sampled vegetation just eight

weeks after the fire because, contrary to our
expectations, we had observed vigorous re-

growth in places, and we desired to document
the species showing re-growth and investigate the

spatial variation in that re-growth. We had no
expectation that re-growth was complete and,

therefore, expected mean cover over the burned
area to be lower than mean cover of the pre-burn
and post-burn control areas (Table 1). A note-

worthy finding was that short-term re-growth of
two grasses (and the herb G. lepidotci) did attain

pre-fire and post-fire control levels in terms of
frequency (Table 1), suggesting the fire caused
little mortality among the dominant herbaceous
species. This finding is consistent with the results

of Smith and Kadlec (1985), who found no
substantial below-ground mortality of saltgrass

after burning in a Utah marsh.

The four giaminoid and forb species which
attained greater than trace cover values after the

fire in the burned area (Table 1) show anatom-
ical/physiological traits which facihtate survival

after fire. Perennating buds occur below ground
on rhizomes for D. spiccita and at the root crown
for the bunchgrass, S. airoides. Glycyrrhiza

lepidotci is rhizomatous while H. curassavicum

has underground rootstocks able to give rise to

new stems. For these reasons, in addition to the

dry, hot, post-fire conditions which made seed

germination and seedling survival extremely
unlikely, we treated live cover sampled in the

post-fire burned area as re-growth from plants

already established before the fire, rather than
new recruits.

In contrast to the re-growth of herbaceous
species, shrubs may have suffered high mortality.

Artemisia tridentata is known to be killed by fire

and re-establish by seed (Tirmenstein 1999a). The
absence of C. nauseosus after the fire (Table 1)

suggests mortality because it has been reported

by several researchers to show "rapid" post-fire

recovery through re-sprouting as well as by seed

germination (Tirmenstein 1999b), and we have
observed it re-sprouting within weeks after other

Owens Valley fires. Fire effects on A. lentiformis

subsp. torreyi have not been systematically

studied, though some data suggest post-fire

recovery is by seed germination rather than re-

sprouting (Meyer 2005). Observations in Owens
Valley show high rates of A. lentiformis subsp.

torreyi germination in spring following winters

with abundant precipitation (ICWD data on file).

We found no data regarding fire effects on
Machcieranthera carnosa. Overall, the absence of

most shrub species in our observations and
sampling data eight weeks after the fire suggests

shrub mortality.
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DTW Effects

One of the principal reasons we sampled post-fire

vegetation was to investigate the spatial variation in

re-growth observed in reconnaissance site visits.

DTW explained most of the variance (Fig. 4b) in

grass cover in our post-fire sample of the burned

area. The significant difference in DTW between

flowering and vegetative 5". airoides samples is

further evidence for the importance of DTW—as

opposed to properties of the fire itself—in

controUing patterns of re-growth. The fact that

DTW also explained most of the variance in grass

cover in both pre-fire and post-fire control

datasets (Figs. 4a, 4c) suggests the post-fire

recovery in the burned area is re-establishing

cover—DTW relationships which existed before

the fire. These patterns had previously been

obscured from view by encroaching shrubs.

These relationships between grass cover, phe-

nology, and DTW may be understood as effects

of differential water availability across the DTW
gradient in both burned and un-burned portions

of the study area. Cox et al. (1990) asserted that a

''waving sea" of alkali sacaton could not be

maintained where annual precipitation ranges

from 150^00 mm, while revegetation experi-

ments elsewhere in Owens Valley have docu-

mented water requirements for D. spiccita to

range from 200-800 mm/yr (Dickey et al. 2005).

However, with average annual precipitation of

1 60 mm and only 34 mm total precipitation prior

to and during the 2007 growing season, a

beautiful, "waving sea" of alkali sacaton and
saltgrass developed in the burned area at the

shallow end of the DTW gradient eight weeks
after the fire, but not at the drawn-down end. The
simplest explanation for the observed patterns is

differential groundwater availability.

Livestock grazing is another important factor

potentially controUing patterns of cover and
phenology, but because livestock were not

permitted in the study area after the fire, low
cover in parts of the burned area was not a direct

result of grazing. The pattern of un-grazed post-

fire grass re-growth was similar to the pattern of

grazed pre-fire grass distribution. While grazing

undoubtedly affects the site, our results argue

against differential grazing as a direct explanation

for the observed variation in grass cover.

We are not the first to infer the importance of

DTW as a primary factor in controlling vegetation

patterns in arid lands. Los Angeles Department of

Water and Power engineer C. H. Lee (1912)

documented the ''very striking" relationship be-

tween vegetation and DTW in this portion of

Owens Valley nearly a century ago, and ground-

water availability is used to explain vegetation

patterns on valley floors throughout the Great

Basin (Coville 1893; Odion et al. 1992; CastelH et al.

2000; West and Young 2000; Cooper et al. 2006).

The 2007 DTW gradient, which explains a high
percentage of current variation in grass cover, is

controlled by groundwater extraction (previously

noted) and is quite different from the gradient

Lee mapped in 1912 (Fig 2). The 2007 distribu-

tion in grass cover, therefore, is best interpreted

as a response to this altered hydrologic regime.

Elmore et al. (2006) explained changes in

perennial cover of Owens Valley alkali meadow
habitat over 20 yr as a function of changes in

DTW and precipitation. Cooper et al. (2006)
described a similar case in Colorado. In our study

we substituted space for time by examining grass

cover before and after fire in a single growing
season and obtained similar results.

Management Implications

At the shallow end of the DTW gradient

(Fig. 2) the robust recovery of native grass

provided dramatic evidence that fire can serve

as a force for meadow regeneration. This finding

is not surprising: burning to remove shrubs and
promote grasses has been practiced in California

since pre Euro-American settlement (Anderson
2006).

More relevant to our research, Wright and
Chambers (2002) conducted and studied results

of controlled burns in Great Basin riparian

meadow habitat located in both shallow and
drawn-down water table sites. They concluded
that burning is an effective tool for restoring

meadows with shallow groundwater.

At the drawn-down end of the DTW gradient,

fire may be an agent of community change rather

than a force for meadow regeneration. We expect

vegetation there will cease to meet criteria for

classification as groundwater dependent meadow
and, instead, will come to resemble that of nearby
precipitation-dependent desert shrublands. The
expected multi-year period for shrub re-coloniza-

tion, combined with negligible grass cover, will

leave the drawn-down end of the DTW gradient

highly vulnerable to erosion. In Owens Valley,

wind poses an especially great erosional force,

and a major highway (US 395) was closed on at

least one occasion after the fire due to the density

of airborne meadow soil where the highway
crossed the study area. Other studies predict

vegetation change as a response to hydrologic

alterations under phreatophytic communities
(Odion et al. 1992; Manning 1999; Wright and
Chambers 2002; Naumburg et al. 2005; Patten et

al. 2008). Our data suggest fire may accelerate the

rate of the predicted vegetation change.

Conclusion

We conclude that if the 2007 DTW gradient is

maintained in the future, vegetation at opposite

ends of the gradient will follow different trajec-
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tories. At the shallow end we expect grass cover

will reach or exceed pre-fire levels in summer
2008 (preliminary data suggest this outcome) and
alkah meadow habitat will be maintained. At the

drawn-down end the fire will facilitate the

conversion of groundwater-dependent alkali

meadow to a more xeric community of annuals

and, eventually, shrubs. Rather than acting as an
independent force shaping patterns of vegetation,

our short-term response data suggest the effect of

the fire over the entire DTW gradient will be the

long-term amplification of differences already

present before the fire. These differences are

associated with differential water availability.

Our examination of fire effects led to documen-
tation of groundwater dependence and the effects

of groundwater limitation.
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Abstract

Arceuthohium ruhrwu (Viscaceae) is a distinctive species of dwarf mistletoe having red to reddish-

brown plants and red, shiny fruits. It is primarily distributed in the Sierra Madre Occidental of
Durango, Mexico, but in 1972 a population of A. nihnuu was reported from Oaxaca, Mexico, more
than 1000 km south of the nearest population in southern Durango. Initially, this population was
classified as a disjunct population of ^. ruhnmu but in 1989 it was described as a new species: A.

oaxacamuu. However, our morphological measurements and observations of the phenology for plants

from Durango and Oaxaca indicate these populations are morphologically similar and flower and
disperse seed at approximately the same time, supporting the results of recent molecular analyses

indicating that the Oaxacan populations represent disjunct populations of A. rubrum.

Resumen

Arceutliobiwu rubrum (Viscaceae) es una especie distintiva de muerdago enano de color rojo a cafe

rojizo y con frutos rojo brillantes. Se distribuye principalmente en la Sierra Madre Occidental de
Durango, Mexico, pero en 1972 se reporto una poblacion para Oaxaca, Mexico, a mas de 1000 km al

sur de la poblacion mas cercana al sur de Durango. La poblacion de Oaxaca fue clasificada

inicialmente como una poblacion disyunta de A. rubrum, pero en 1989 fue descrita como una nueva
especie: A. ocixciccmum. Sin embargo, nuestras mediciones morfologicas y observaciones de la

fenologia de las plantas de Durango y Oaxaca indican que esas poblaciones son morfologicamente
similares y florecen y dispersan las semillas aproximadamente al mismo tiempo, lo cual apoya los

resultados de recientes analisis moleculares que indican que las poblaciones de Oaxaca representan

poblaciones disyuntas de A. rubrum.

Key Words: Arceutliobium oxacanum, Arceuthobium rubrum, Mexico, morphology, phenology.

Arceuthohium ruhrwn Hawksw. & Wiens (Ru-
by dwarf mistletoe, Viscaceae) is a distinct species

with reddish to brownish-red plants and shiny

fruits and is a common parasite of several pines

(Finus spp., Pinaceae, Table 1) in northwestern

Mexico (Hawksworth and Wiens, 1965, 1972,

1996; Mathiasen et al. 2008). When a dwarf
mistletoe with brownish red plants and shiny, red

fruits was discovered in western Oaxaca on Pimis

pseudostrobus Lindley by Dr. Roger Peterson in

1972, Hawksworth and Wiens (1977) classified it

as a disjunct population of A. ruhrwn. However,
based on further studies of two populations of A.

ruhrwn in Oaxaca, Hawksworth and Wiens
concluded that these populations were sufficient-

ly distinct from those in Durango to describe the

Oaxaca populations as a new species: A. oax-
acanum Hawksw. & Wiens (Hawksworth and
Wiens 1989). They separated A. oaxacanwn from
A. ruhrwn based primarily on differences in plant
size, plant color, length of pistillate spikes.

branching angle of staminate and pistillate spikes,

and the tendency to form systeinic infections or

not (Hawksworth and Wiens 1989). Host range

was also mentioned as a possible distinction

between these taxa, although the hosts of A.

oaxacanwn do not occur in the range of A.

ruhrwn (Table 1).

Comparisons of A. ruhrwn and A. oaxacanwn
have been difficult because Hawksworth and
Wiens (1989) did not include a description of the

flowers of A. oaxacanwn when they described it

and only included information on the inean

length of fruits (3.5 mm) in their Latin descrip-

tion of this species. Furthermore, in their revised

monograph of Arceuthohium, Hawksworth and
Wiens (1996) did not include any information on
the characteristics of the flowers or fruits of A.

oaxacanwn. More recently, Nickrent et al. (2004)

reported that A. ruhrwn and A. oaxacanum could

not be distinguished using internal transcribed

spacer DNA and chloroplast truL DNA sequenc-
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Table 1. Hosts of Arceuthobium rubrum in

DURANGO AND OAXACA FROM HAWKSWORTH AND
WiENS (1989, 1996). 'Host susceptibility class is defined

in Hawksworth and Wiens (1996). ^Hosts of
Arceuthobium oaxacammi from Hawksworth and
Wiens (1989, 1996). ''Does not occur in Oaxaca
(Perry, 1991; Farjon and Styles, 1997). ''Does not

occur in Durango (Perry, 1991; Farjon and Styles,

1997). '^Distributed in both Durango and Oaxaca, but

did not occur in stands infested by A. rubrum in Oaxaca.

Host
susceptibility

class' Durango Oaxaca-

Principal Pinus cooperi^

P. durangensis^

P. engelmcmnii^

P. herrerai^

P. teocote^

Pimis lawsonii^

P. michoacana'^

P. pseudostrobus"^

Occasional P. oaxacami'^

es. Therefore, in 2007, we began studies of the

Durango and Oaxaca populations of A. rubrum
in order to gather additional morphological data
for their flowers, fruits, and seeds. This allowed
the flower and fruit characteristics of A. rubrum
and A. oaxacanum to be compared for the first

time. We also made additional observations of
the phenology of both species starting in 1999.

Methods

Morphological Measurements

Specimens from two of the three currently

known populations of A. oaxacanum were
sampled in 2007 and five populations of A.

rubrum were sampled in 2008 (Fig. 1). These
populations included the type localities for A.

rubrum and A. oaxacanum (Hawksworth and

Fig. 1. Approximate locations of populations of A. rubrum sampled in Durango and Oaxaca, Mexico. Sites are

listed under specimens examined; site 1 is the type locality for A. rubrum and site 6 the type locality for

A. oaxacamim.
I
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Wiens 1965, 1989; Fig. 1). For each population,

20-30 non-systemically infected branches with

mature plants (10-15 males and 10-15 females)

were collected. The largest dwarf mistletoe plant

from each infection was measured; plant mea-
surements were made within 24 hrs of collection.

Measurements for flowers and fruits/seeds were

completed in July or August when flowers were

open and fruits were mature. The following

morphological characters were measured: 1)

plant height, basal diameter, third internode

length and width, and color; 2) mature fruit

length, width, and color; 3) seed length, width

and color; 4) staminate flower diameter for

flowers with 3 perianth lobes; 5) number, color

of the adaxial surface, and length and width of

staminate perianth lobes; 6) anther distance from
the perianth lobe tip; and 7) anther diameter. A
total of 50 measurements were made for each of

these characters. Furthermore, we only measured
plants from non-systemic infections for both

species, because plants from systemic infections

tend to be smaller than those from non-systemic

infections (Hawksworth and Wiens 1996). A one-

way analysis of variance (ANOVA, P < 0.05) was
used to determine if there were statistical

differences between the means of the morpholog-
ical characters measured.

Specimens examined. MEXICO. DURANGO.
47 km E of El Salto on Mexico Rte. 40, on Pinus

teocote, 2 Aug 2008, Mathiasen 0808 (ASC) (site

1, Fig. 1, type locality of A. ruhrum)\ 6.5 km S of

Mexico Rte. 40 on rd to Regocijo, on Pinus

teocote, 31 Jul 2008, Mathiasen 08J3 (ASC) (site

2, Fig. 1); 12.6 km S of Mexico Rte. 40 on rd. to

Regocijo, on Pinus tecote, 31 Jul 2008, Mathiasen
0816 (ASC) (site 3, Fig. 1); 51 km S of Durango
on rd. to La Flor, on Pinus teocote, 30 Jul 2008,

Mathiasen 0811 (ASC) (site 4, Fig. 1); 5 km W of

El Salto on Mexico Rte. 40, on Pinus teocote, 29
Jul 2008, Mathiasen 0809 (ASC) (site 5, Fig. 1).

OAXACA. 13 km S of Miahuatlan on Mexico
Rte. 175, on Pinus lawsonii, 22 Jul 2007,
Mathiasen 0727 (ASC), and 24 Jul 2007, Mathia-
sen 0729 (ASC) (site 6, Fig.l, type locality of A.

oaxacanum); 1 km W of Santo Tomas Tamazu-
lapan, on Pinus lawsonii, 22 Jul 2007, Mathiasen
0726 (ASC) (site 7, Fig. 1).

Phenology

Observations of flowering and seed dispersal in

Durango were made in December 1999, March
2003, March 2004, July 2005, March 2007,
September and October 2007, and July 2008.

Observations in Oaxaca were made in December
2000, September 2004, September 2006, and July

2007.

Results

Morphological Measurements

The means and ranges for plant heights, basal

diameters, and third internode dimensions of the

populations we sampled in Oaxaca and Durango
were nearly identical (Table 2). Male plants were
slightly larger than female plants from both
regions, but approximately the same for each
sex. Only the length of the third internode of male
plants from Oaxaca was significantly different

than the length of this internode for male plants

from Durango. Hawksworth and Wiens (1989,

1996) reported that the mean height of A. rubrum
plants (male and female combined) from Dur-
ango was approximately 10 cm and those from
Oaxaca were approximately 12 cm. When we
combined male and female plant height data, the

mean heights of plants from both areas were
approximately 12 cm (Table 2). The ranges in

plant heights Hawksworth and Wiens (1989)

reported were approximately the same; 8-18

and 8 20 cm for plants from Durango and
Oaxaca, respectively. The plant height ranges

we recorded were only slightly different than

those reported by Hawksworth and Wiens, but

we also found that the range in plant heights was
approximately the same in both regions.

The mean widths for staminate spikes were
also similar between the populations in Oaxaca
and Durango, but the length of staminate spikes

was significantly different (Table 3). Although
the means for the flower characters measured
were slightly larger for the flowers from male
plants in Oaxaca, the means were not significant-

ly different. The flower diameters for 3-merous
flowers were smaller than most other species of

Table 2. Plant Heights, Basal Diameters,
AND Third Internode Measurements for
ARCEUTHOBIUM RUBRUM IN DURANGO AND OAXACA.
Measurements are expressed as mean (standard

deviation) values. Mean values between the two
locations are not significantly different except for the

third internode length in males (ANOVA, P < 0.05).

Character Durango Oaxaca

Plant height (cm)

Male 14.2 (3.9) 13.9 (3.7)

Female 10.3 (2.5) 10.0 (2.7)

All plants (cm) 12.3 (3.5) 11.9 (3.7)

Basal diameter (mm)
Male 3.7 (1.0) 3.5 (0.6)

Female 4.0 (1.0) 3.8 (1.0)

Third internode length (mm)
Male 10.9 (3.5) 9.8 (3.2)

Female 9.1 (2.3) 8.8 (2.3)

Third internode width (mm)
Male 2.8 (0.6) 2.7 (0.6)

Female 3.0 (0.6) 2.9 (0.6)
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Avceutliobiimi (Hawksworth and Wiens 1996),

averaging only 1.6 and 1.7 mm in Durango and
Oaxaca, respectively. Another unusual character-

istic of the flowers of A. rubrum reported by
Hawksworth and Wiens (1965, 1996) is that it

had flowers that were barely open, even during

their peak of anthesis. We also observed this

characteristic in Durango, but some flowers did

open to the extent that they could be easily

measured. Our observations in Oaxaca indicated

the flowers there also do not open completely

during anthesis.

Fruit and seed dimensions demonstrated the

greatest difference between the mistletoe popula-

tions in Oaxaca and Durango, but differences

were only 0.1-0.2 mm larger for the populations

in Oaxaca and were not significantly different

(Table 3). Although Hawksworth and Wiens
(1989, 1996) reported that the mean fruit length

in Oaxaca and Durango was about 3.5 mm, none
of the mature fruits we measured in either state

were that small. The mean lengths of mature
fruits we measured in Oaxaca and Durango were
nearly one mm larger than reported by Hawks-
worth and Wiens (4.4 and 4.3 mm, respectively).

We measured mature fruit as large as 5 mm in

Durango and 5.2 mm in Oaxaca.

Plant color for male and female plants was
similar for populations from Oaxaca and Dur-
ango also. The predominant color of male and
female plants in Durango and Oaxaca was
reddish-brown (76%, and 70%, respectively).

Other plants were either red or brown, but a

few female plants in Durango were very dark;

nearly black in color. Plants from both regions

that were red when fresh dried to a dull brown.

Another distinction between the Oaxaca and
Durango populations noted by Hawksworth and
Wiens (1989, 1996) was that the dwarf mistletoe

typically induced systemic infections on its pine

hosts in Oaxaca, while those in Durango typically

Table 3. Staminate Spike, Flower, Fruit, and
Seed Measurements for Arceuthobium rubrum
IN Durango and Oaxaca. Measurements are

expressed as mean (standard deviation) values. Mean
values between the two locations are not significantly

different except for stam i n a t e s p i ke 1 e n g t h

(ANOVA, P < 0.05).

Character Durango Oa xaca

Staminate spike length (mm) 1 1.4 (2.4) 10.8 (3.4)

Staminate spike width (mm) 1.5 (0.1) 1.6 (0.2)

Staminate flower diameter

(mm) 1.6 (0.2) 1.7 (0.2)

Perianth lobe length (mm) 0.7 (0.06) 0.8 (0.06)

Perianth lobe width (mm) 0.7 (0.10) 0.8 (0.14)

Anther diameter (mm) 0.3 (0.08) 0.4 ( 0.08)

Mean fruit length (mm) 4.3 (0.3) 4.4 (0.4)

Mean fruit width (mm) 2.8 (0.2) 3.0 (0.3)

Mean seed length (mm) 2.4 (0.2) 2.5 (0.3)

Mean seed width (mm) 1.2 (0.09) 1.3 (0.13)

did not. However, our observations in Oaxaca
indicated that the mistletoe also commonly
formed non-systemic infections there. In Dur-
ango, we observed that A. rubrum frequently

induced systemic infections, particularly on Pinus

teocote Schiede ex Schltdl. & Cham, and Pinus
duraiigensis Martinez. Therefore, the infrequency

of non-systemic infections in Oaxaca versus

systemic infections in Durango does not appear
to be a consistent difference between these

populations. Furthermore, we did not observe

any distinctive differences in the size of the

witches" brooms caused by these dwarf mistletoes

on their pine hosts in Oaxaca versus Durango,
although Hawksworth and Wiens (1989, 1996)

reported that the mistletoe in Oaxaca induced
larger brooms on its hosts.

Hawksworth and Wiens (1989) also justified

the classification of the populations in Oaxaca as

a distinct species because plants there had spikes

that branched at nearly right angles (90 ) from
the main axis of plants while the spikes of plants

in Durango usually branched at angles of about
45\ We observed that younger plants in both
areas tended to have spikes that branched at

about 45 and older plants had more spikes that

branched at nearly right angles to the main axis

of the plant. In addition, the young staminate

spikes near the top of older male plants from
both regions tended to branch at about 45° and
older spikes commonly branched at right angles.

However, these branching patterns varied widely

between different populations. Therefore, the

branching angle of spikes was not a consistent

difference between the populations in Durango
and Oaxaca.

The A. rubrum populations near Altares,

Durango have been reported to have plants that

are much larger than those in other areas of

Durango (Hawksworth and Wiens 1996). We
examined two populations in July 2008 that

Hawksworth and Wiens (1996) classified as A.

rubrum near Altares and classified these as

Arceuthobium vaginatum (Willd.) Presl subsp.
j

vciginatum. Male and female plants of these
I

populations were very large, dark brown to

nearly black, and had much larger basal diame- i

ters (>1 cm) than the A. rubrum plants we i

examined elsewhere in Durango. Although we i

also noted that some of the fruits of these

:

populations were shiny, they were not dispersing

seed as were populations of A. rubrum we
examined in Durango at that time. Furthermore,

male plants of the Altares populations were not;

flowering in July 2008. They appeared to have

;

already flowered earlier in the year. Therefore,

the phenology of the Altares populations also

supports their classification as A. vaginatum

subsp. vaginatum because this taxon flowers in

March-April and disperses seed in August
through September (Hawksworth and Wiens
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1996). Although the Altares populations Hawks-
worth and Wiens' classified as A. rubrwu were

parasitizing Finns arizonica Engelm., they never

classified this pine as a host of A. nihrwn
(Hawksworth and Wiens 1996, see pages 49 and
364).

Phenology

Male plants in Durango began flowering in

early July and flowering peaked from mid to late

July, but some plants continued to flower though
August into early September. Male plants in

Oaxaca began flowering at the same time, but

some plants were also observed flowering in mid
September. Therefore, the time of anthesis is

nearly the same for these dwarf mistletoe

populations, but extends slightly longer in

Oaxaca. Seed dispersal started in mid July in

Durango and continued into September, with its

peak in late August to early September. Seed
dispersal in Oaxaca occurred slightly later based

on observations in September 2007. Female
plants in Oaxaca were just starting to disperse

seed in mid September that year, so seed dispersal

peaked in late September and continued into

October. The slightly later periods for flowering

and seed dispersal for the Oaxaca populations

may be due to their more southern distribution or

that they occurred at lower elevations (1760-

2100 m) than the populations in Durango (2300-

2600 m).

Discussion

Our morphological data and observations of
the phenology of the A. ruhrum populations from
Oaxaca and Durango supported the classification

of these widely separated populations as one
species, as was concluded earlier by Hawksworth
and Wiens (1977) and supported with molecular
analyses by Nickrent et al. (2004). Therefore, we
recommend that the dwarf mistletoe populations
with reddish brown plants in Oaxaca be treated

as extremely disjunct populations of A. ruhrum.

Because of the similarity between the male and
female plants, flowers, and fruits of the Oaxaca
and Durango populations of A. rubrwiu the

classification of these populations as different

species is not warranted at this time.

The only host of A. rubrum that occurs in both
Durango and Oaxaca is Pinus teocote (Perry

1991; Farjon and Styles 1997), but this pine does
not occur in the A. rubrum populations we
sampled in Oaxaca (Table 1). Therefore, host

susceptibility based on natural infection of pines
in Oaxaca and Durango could not provide
information on the taxonomic relationship of

these populations (Hawksworth and Wiens
1989). Although the pine hosts of A. rubrum in

Oaxaca are not closely related to its pine hosts in

Durango (Farjon and Styles 1997), this is

insufficient evidence to support the classification

of the Oaxaca populations as a different species.

The large geographic separation of the A.

rubrum populations in Oaxaca from those in

Durango (ca. 1200 km) certainly suggests that

these populations could have developed charac-

ters that support separate taxonomic status.

Although some of the characters we measured
were shghtly larger for the populations of A.

rubrum we sampled in Oaxaca than those in

Durango, we do not feel the differences were
large enough to support the recognition of the

Oaxaca populations as a different species or

subspecies. If additional populations of A.

rubrum were to be found in the large geographic

gap between Oaxaca and Durango, it would lend

further support to our interpretation of the

widely separated populations of A. rubrum being

conspecific.
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Abstract

The writing of revised treatments for selected California Malvaceae for the upcoming second
edition of the Jepson Manual and the Flora of North America series (volume 6) has made several

nomenclatural changes and explanations necessary. New combinations are made here for taxa in

Sidalcea, including Sidalcea asprella subsp. nana, Sidalcea calycosa subsp. rhizomata, Sidalcea celata,

and Sidalcea sparsifolia. Several taxa previously included within Sidalcea malviflora have been
removed from that species and re-interpreted, resulting in the resurrection and acceptance of the

names Sidcdcea asprella Greene and Sidalcea elegans Greene. Comments are presented here on the

status of Hibiscus lasiocarpos and Lavatera vs. Malva in the California flora. At least one native

species has been added to the flora, namely, Iliamna rivularis, though it may no longer occur in the

state. Four species of Malvaceae have become naturalized or have been found as waifs in recent years

and are added to the flora, namely, Anoda pentaschista, Lagunaria patersonia, Lavatera olbia, and
Lavatera trimestris.

Key Words: California, Hibiscus, Lagunaria, Lavatera, Malva, Malvaceae, North America, Sidalcea.

The preparation of revised treatments of

several genera of California Malvaceae for the

upcoming revision of the Jepson Manual—Higher
Plants of California (TJMl = Hickman 1993) and
for the new Flora of North At7ierica, Volunje 6 (in

preparation) led to the need for several nomen-
clatural changes as well as an explanation for

some of the changes as compared to previous

treatments (e.g.. Hill 1993). In addition, several

taxa have been noted that were not included in

TJMl for the flora of California. Newly
described taxa in Sidalcea have been or shall be

published elsewhere (Hill 2008; Clifton, Buck and
Hill unpublished).

New Combinations and Interpretations
IN Sidalcea

Sidalcea A.Gray is the most species-rich of the

genera of Malvaceae in California and it is a

near-endemic there. It is also one of the most
perplexing of the genera taxonomically, and while

several attempts have been made to better define

the taxa (Roush 1931; Hitchcock 1957; Dimling
1991; Hill 1993; Andreasen and Baldwin 2001,

2003a, b; Andreasen 2005), some remain difficult

to delineate. The treatment by Hitchcock (1957)

attempted a synthesis using phytogeographic,

morphological, and chromosomal data, and he

utilized four ranks: genus, species, subspecies,

and variety in an attempt to sharply define the

variants. An examination of his treatment
revealed that most species, subspecies, and
varieties that he described were said to have
transitional individuals to other taxa, and in

some groups of species it was nearly impossible to

identify many of the individuals conclusively. His

hand-written notes on specimens in some herbar-

ia also revealed his frustration with these plants

(e.g., on Blankinship s.n., JEPS 2856, the type of

Sidalcea malviflora (DC.) A. Gray var. celata

Jeps., C. L. Hitchcock wrote: "5*. malvaeflora ssp.

celata—unless I find cause for changing my
opinion", and on JEPS 2855: "5*. malvaeflora

ssp. celata—I believe I shall call this").

A previous treatment of the genus in California

(Hill 1993) attempted to make some sense of the

species, but it tended to err on the side of

combining variants rather than recognizing them
to reduce the number of names. After working
several more years with these species as well as

with many more both new and old collections, I

have attempted to clarify some of the problems
created by combining the variants. Admittedly,

the changes still have not resulted in a 'perfect'

treatment by any means, but my first goal has

been to re-interpret some of the variants. The
changes in interpretation are supported by both

morphological and geographic consistency after a

reexamination of type and additional material.

Second, the work of Andreasen and Baldwin

(2001, 2003a, b) and Andreasen (2005) utilizing

new molecular phylogenetic data has helped to

clarify some of the relationships within the genus

since the 1993 treatment, and a goal was to

reposition and rename some taxa to incorporate

some of the major changes suggested by the

molecular work. Among the hypotheses support-

ed by the new data are the following: 1) the basal

perennials are Sidalcea hickmanii Greene, S.

malachroides (Hook. & Arn.) A. Gray, and S.

stipularis J. T. Howell & True, 2) four lineages, or
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clades, of the remaining perennial species appear

to be well-supported, the 'malviflora clade\ the

'oregana clade\ the ^glaucescens clade', and the

"asprella clade\ 3) within the malviflora clade, the

primarily coastal subspecies of Sidalcea malvi-

flora (subsp. malviflora, subsp. laciniata C. L.

Hitchc, subsp. patula C. L. Hitchc, subsp.

purpurea C. L. Hitchc, and subsp. rostra ta

(Eastw.) Wiggins) form a very coherent and
closely related group, whereas the somewhat
more interior subsp. sparsifolia C. L. Hitchc.

and subsp. californica (Torr. & A. Gray) C. L.

Hitchc. (and subsp. dolosa C. L. Hitchc. ?) are

somewhat divergent from those, and 4) the plants

treated as S. malviflora subsp. asprella (Greene)

C. L. Hitchc. in the 1993 revision are not in the

same lineage, or clade, as the other subsp. of S.

malviflora, nor are they all necessarily very close

to each other, but, instead, are more closely

related to the mountain species 5'. glaucescens

Greene and the foothill species S. robusta Heller

ex Roush. While several additional working
hypotheses can be derived from the molecular

work, these four, especially the latter three, would
seem to affect the classification and nomenclature
of the Cahfornia perennials the most. The inland,

mostly mountain plants that had been tossed into

the 'dust bin' of Sidalcea malviflora subsp.

asprella had to be reassessed, and this has been
the emphasis in the recent studies.

Hitchcock (1957) considered Sidalcea malvi-

flora ["malvaeflora'] to be a single widespread
species ranging from Baja Cahfornia, Mexico,
north to the Willamette Valley of Oregon, and he
divided it into 12 rather geographically coherent

subspecies, some of which were subdivided into

varieties. Eleven of the subspecies were recog-

nized in Cahfornia, subsp. virgata (Howell) C. L.

Hitchc. of Oregon being the only exception. Hill

(1993) reduced the number of Cahfornia subspe-

cies to eight, combining Hitchcock's subsp.

celata, elegans, and nana into the single Sierran

subsp. asprella partly because of the numerous
comments on transitional individuals in Hitch-

cock's 1957 revision. Over the years since, and
after the examination of many more collections,

it was decided that this subspecies circumscrip-

tion has become far too broad to be useful, and
refinement has been attempted.

This group of difficult variants resides primar-
ily in Andreasen and Baldwin's (2003a, b)

'asprella clade'. Regarding this 'asprella clade',

Hitchcock's treatment and keys were generally

unusable. Plants of very different appearance
from distant geographical areas and habitats

would often key to the same subspecies. Andrea-
sen and Baldwin (2003a, b) demonstrated that the
Hill (1993) concept of subsp. asprella was actually

polyphyletic, and their different samples of that

subspecies did not cluster together in the final

analysis.

Inheriting this problem, I decided to start over
and reexamine the type specimens in the group,

keeping this new molecular data result always in

mind. Within this group, a new and undescribed

species of Sidalcea had also been brought to my
attention (Clifton, Buck and Hill unpubhshed),
and studies of this as well as the other entities

within the 'asprella' and 'glaucescens' clades have
helped to resolve the problems to a certain extent.

I decided to recognize and describe as best I could
the morphologically and geographically distinct

taxa that sorted out with the new data. Therefore,

I now propose the following nomenclatural and
taxonomic changes within Sidalcea.

Sidalcea asprella Greene subsp. asprella.
Bulletin of the California Academy of Sciences

l:78.1885.--Type: USA, California, Yuba Co.,

near Camptonville, 1 Jul 1884, E. L. Greene
s.n. (lectotype, here designated: CAS 1121!).

Synonym: Sidalcea malviflora ['mcdvaeflora"]

(DC.) A. Gray subsp. asprella (Greene) C. L.

Hitchc, University of Washington Publica-

tions in Biology 18:25. 1957.

Edward L. Greene, in describing this species in

1885, cited two specimens, and some of his other

remarks (p. 78) bear repeating: "On bushy
hillsides of the lower Sierras, just below the

habitat of Chamaebatia\ apparently not collected

before last season; found by Mrs. Curran in El

Dorado County, and by the writer on Mr. John
Ramm's ranch, near Camptonville, in Yuba
County. Peculiar, at least among the perennial

species, in having the leaves all of precisely the

same shape, the lowest and the uppermost
differing only in point of size. The rough
pubescence is likewise very characteristic." The
lectotype shows these features well, as do many
other specimens from the Sierras. However,
Hitchcock (1957) changed the circumscription

of this species to include many plants with hair,

habit, and leaf features that did not match the

type or Greene's conception. Over the years since,

numerous specimens that vary considerably from
the original concept have been determined to be
this species, and the name has become a 'dustbin'

for difficult Sierra plants. While some variation

certainly appears to be present, the resurrection

and more precise application of Greene's original

name, and to a greater extent, his concept of the

species, should prove useful for current and
future studies.

Sidalcea asprella Greene subsp. nana (Jeps.)

S. R. Hill, comb. nov.

—

Sidalcea reptans var.

nana Jeps., Flora of California, 2:489. 1936.

—

Type: USA, California, Trinity Co., Soldier's

Ridge, SE Trinity Co. (Yollo Bolly Moun-
tains), 24 Jul 1897, W. L. Jepson 14061
(holotype: JEPS 2856!; isotype: JEPS 2858!).

Synonym: Sidalcea malvijlora ['malvaeflora']
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subsp. nana (Jeps.) C. L. Hitchc, University of

Washington Publications in Biology 18:29.

1957.

Willis L. Jepson, in describing this as a variety

in 1936, considered it to be a close relative of

Sidalcea reptans Greene because of its very long

thin rhizomes. The specimens on the type sheet

are dwarfed, and all of the inflorescences are

<10 cm long. Not all specimens are as small as

the type—instead, robust individuals can reach a

height of as much as 40 cm, yet they still share

the other important diagnostic characters. The
morphological features match those of S. asprella

subsp. asprella well, but the subspecies is

distinctive in its long slender rooting rhizomes

and its fewer-flowered, often short inflorescences

and occasionally few-leaved (1-3) stems that are

decumbent-based. Otherwise the hairs through-

out and toothed leaf lobes are a close match to S.

asprella subsp. asprella. Studies by Andreasen
and Baldwin (2003a, b) show this plant to be,

perhaps, closer to S. glaucescens than S. asprella,

but more samples are needed to test this as the

morphology does not support this placement
(e.g., S. glaucescens and the very similar S.

miiltifida Greene do not have elongated rooting

rhizomes of any kind). Certainly this subspecies,

as well as the typical subspecies, can no longer be
included within the more coastal S. malviflora

based upon the molecular data, and so a new
name was needed.

Sidalcea calycosa subsp. rhizomata (Jeps.)

Munz ex S. R. Hill, comb. nov.

—

Sidalcea

rhizomata Jeps., Manual of Flowering Plants

of California 629. 1925.—Type: USA, Cali-

fornia, Marin Co., Point Reyes Peninsula,

marsh near Russell's Creamery, 16 Sep 1900,

W. L. Jepson 1174 (holotype: JEPS 2861!;

isotypes: JEPS 2859! MO!—not yet acces-

sioned with a number at the time of its

inspection).

There are two sheets of the type collection at

JEPS; the sheet accessioned as JEPS 2861 has

Jepson's handwritten designation as 'type' on it,

and includes the fertile material; the duplicate

sheet, JEPS 2859, consists of the sterile, creeping,

rooting rhizomes with scattered leaves also

characteristic of this subspecies. Munz (Munz
and Keck 1959 p. 132; Munz 1968 p. 12) used the

name ''Sidalcea calycosa M. E. Jones subsp.

rhizomata (Jeps.) Munz," but did not validly

publish this new combination there or elsewhere.

He, perhaps, did not realize that post- 1952 new
combinations require direct references to the

basionyms. Its inclusion here serves to validate

the combination.

Sidalcea celata (Jeps.) S. R. Hill, comb. nov.—Sidalcea malvijlora {'malvaejlora''] var. celata

Jeps., Flora of CaUfornia 2:493. 1936.—Type:
USA, Cahfornia, Shasta Co., Olinda, 11 May
1911, /. W. Blankinship s.n. (holotype: JEPS
2856!; isotype: JEPS 2855!, possibly WIS!—but
dated 16 Apr 1911).

The two JEPS specimens are quite different at

first glance - JEPS 2856 is a single stem with
nicely spread leaves, and JEPS 2855 has 2 stems

and a good caudex, but the leaves are badly
wrinkled. The two together supply a good series

of characters to define the species, however JEPS
2856 bears a label indicating it is the type, and
JEPS 2855 bears a label indicating it is an isotype.

Both bear several annotation labels by the

experts, including C. L. Hitchcock whose com-
ments have been included above. While the lower

leaves of the holotype have some resemblance to

those of the type of 5'. asprella, other characters

do not fit that species; some of the contrasting

features include the lack of rhizomes, the

presence of stiff reflexed bristle hairs at the base

of the stem (a primary character for S. celata),

and the upper leaves have narrow, often entire

lobes, whereas S. asprella, as here defined,

generally has some short rhizomes, coarse stellate

hairs at the stem base, and upper leaves that are

somewhat similar to those below, with wider

lobes that are generally toothed. Upon using

these characters on additional specimens, I

discovered that Sidalcea celata is a species that

is rather narrowly distributed in dry open oak
woodlands mostly associated with serpentine in

Shasta and adjacent Tehama Cos., whereas S.

asprella appears to be widely distributed in the

central and northern Sierra Nevada range and to

the northwest, at the margin of more mesic

coniferous woodlands, either associated with

serpentine and serpentine-like minerals, or not.

Sidalcea elegans Greene, Cybele Columbiana
1:35. 1914.—Type: USA, Oregon, Josephine

Co., Eight Dollar Mountain, 12 Jun 1904, C
V. Piper 6171 (holotype: US 527772!; photo-

graph of holotype at MO 940080!). Synonym:
Sidalcea malviflora ['malvaeflora'] (DC.) A.

Gray subsp. elegans (Greene) C. L. Hitchc,

University of Washington PubHcation in Biol-

ogy 18:27. 1957.

Sidalcea elegans is rather easily distinguished

from the other members of the 'asprella clade' by
means of the relatively long, soft, simple hairs at

the base of the stem, sometimes so sparse as to be

nearly lacking. The stems are characteristically

brittle and easily snapped when fresh, a character

not mentioned for other taxa in the genus (but

not especially useful on herbarium specimens!).

The upper stems are sometimes glaucous, and

because of that feature as well as the one-sided

inflorescences that are often slightly curved
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between the flowers, the long acuminate calyx

lobes, and the decumbent stems the species has

sometimes been reported as Sidalcea glciucescens,

a species without the long rooting rhizomes of S.

elegans and that is not known in Oregon. Sidalcea

elegans appears to be restricted to serpentine, and
it is found in the Klamath Mountains of

California and Oregon. Roush (1931) treated this

taxon as a synonym of S. asprella and Hitchcock

(1957) stated that "If asprella were to be treated

as a species, ssp. elegans would best be considered

thereunder." In contrast, Dimling (1991) stated

''Since this subspecies [S. malviflora ['malvae-

floixf] subsp. elegans] is so clearly distinct from S.

malvaeflora ssp. asprella, its taxonomic identity

will not be discussed further". Hill (1993) treated

it as a synonym of S. malviflora {'malvaeflora')

ssp. asprella and left it within that variable

complex. In an attempt to clarify its position

and nomenclature, the name Sidalcea elegans

Greene is here resurrected, because the taxon is

not a part of S. malviflora based on molecular

evidence, and because it appears to have several

features that separate it easily from S. asprella.

Sidalcea sparsifolia (C. L. Hitchc.) S. R. Hill,

comb. nov.

—

Sidalcea malviflora ['malvaeflora']

subsp. sparsifolia C. L. Hitchc, University of

Washington Publications in Biology 18:32.

1957.—Type: USA, California, Kern Co.,

1 mile south of Ft. Tejon, 29 May 1952, C.

L. Hitchcock J 9546 (holotype: WTU; isotypes:

UTC 88184! DS 368036 at CAS!).

Andreasen and Baldwin (2003b) included this

plant in their molecular studies of Sidalcea, and
found that it grouped generally with the coastal

subspecies of S. mcdviflora as well as with S.

covillei Greene, S. pedata A. Gray, and S.

neomexicana A. Gray. They stated: "The position

of S. malviflora subsp. sparsifolia basally to the

clade (jk 76%) consisting of the other subspecies

of S. malviflora plus S. pedata and S. neomex-
icana, provides evidence for the paraphyly of S.

malviflora and may justify treatment of S.

malviflora subsp. sparsifolia as a separate spe-

cies". I agree with this, not only because of the

molecular data but because of its more inland

range and semi-desert habitats, as well as a series

of morphological differences. It is rather similar

to the other species in the clade particularly in the

morphology of the fruits and of the pubescence of
its various parts. The reduced stem leaves and
shortened rhizomes may be adaptations to its

transitional hot and dry desert environment, and
it is the southernmost species of the genus in

southern California and Baja California, along
with its desert wetland-adapted relative S. neo-

mexicana.

Extreme variation remains problematic in this

species despite its removal from 5". malviflora.

Hitchcock (1957) divided his Sidcdcea malviflora

subsp. sparsifolia further into four morphologi-
cally defined varieties that also have some
geographic coherence. These, upon further study,

both morphological and molecular, perhaps
could be defined as subspecies of this newly
circumscribed species. I have not yet focused on
this aspect in the current study, but some of the

extremes are not only quite different in appear-

ance, but they are also somewhat difficult to

separate from S. malvifora subsp. cal(fornica—
another mostly inland taxon that needs addition-

al study.

Sidalcea diploscypha vs. Sidalcea keckii

Sidalcea keckii Wiggins has been of special

interest in California because it was once thought

to have been extirpated (Hill 1993) then, upon
being rediscovered at a later date, it was proposed
and accepted for inclusion in the Federal Register

as a Federally Endangered plant species (United

States Fish and Wildlife Service 2000). It was
thought to be restricted to the White River region

of southern Tulare County. In the years since it

was rediscovered, it has been sought out there

and elsewhere. It was known since its original

description to be very closely related and similar

to Sidalcea diploscypha (Torr. & A.Gray) A.Gray
in its annual habit, its leaf morphology, its

flowers and fruits, and especially regarding its

pubescence—as only these two annual sidalceas

have numerous long fine perpendicular hairs

along the stem. The molecular work of Andrea-
sen and Baldwin (2001, 2003b) and especially

Andreasen (2005) utilizing new molecular phylo-

genetic data demonstrated convincingly that the

two species are distinct. It has been proposed by
some that S. keckii is quite recognizable because

on the inside of the calyx there are five reddish

spots thought not to be present in S. diploscypha.

A re-investigation of the two species from both

old and new herbarium specimens revealed that

both species can have these red spots (sometimes

reduced to narrow red lines) on the internal calyx

surface. Specimens sorted out well using other

characters, to the point that it appears that

Sidcdcea keckii is more wide-ranging than previ-

ously thought.

Several morphological features can be used to

distinguish the two similar species. Regarding the

hairs on the stem—one group of specimens (first

identified as S. diploscypha) had, mixed with the

characteristic long perpendicular hairs, a consid-

erable number of glandular hairs and odd
multicellular trichomes with green pigment (that

resembled short algal filaments) on both the

upper stems and on calyces and these were found
also on specimens known to be S. keckii. This

same group of specimens had one or a very few
tiny bristles on the upper portion of the fruit
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where many sidalceas have a small cusp or mucro
(sometimes called a 'beak') whereas S. diploscy-

pha has no such bristles on its fruit. The upper
leaves of S. keckii are not only lobed, typical of

both species, but the lobe tips have three equal

teeth on the widened lobe apex whereas the lobes

of the upper leaves of S. diploscypha are usually

narrow throughout, and either entire or the

lateral teeth are positioned far below the central

elongated tooth. The primary difference between
the two species is the presence of long, multi-

divided bracts and stipules at the base of the

flowers and upper leaves, respectively, of S.

diploscypha vs. the smaller undivided bracts and
stipules in the same positions in S. keckii. Upon
examining a large number of specimens, this

feature did hold up well—but there were always a

few that did not 'quite fit'—and so a very few
specimens with divided bracts were called S.

keckii. As a result of these character observations,

several specimens of S. diploscypha from Colusa,

Fresno, Merced, Napa, Solano, and Yolo coun-

ties were re-annotated as S. keckii. Most of these

had some features of S'. diploscypha, and it

appeared that introgression might be playing a

role. This geographic distribution suggested that

specimens of 5'. keckii might also be found in

Butte and Lake counties but no specimens
examined from those counties had the definitive

assemblage of characters of that species and so all

were annotated as S. diploscypha.

Sidalcea diploscypha appears to be a species

that prefers serpentine, whereas S. keckii is not so

restricted. An examination of habitat and sub-

strate preferences in Napa Co. where both
substrates and species have been found nearly

side-by-side, showed that those on serpentine

sorted out nicely to S. diploscypha and those in

the adjacent sandstone-derived soils were S.

keckii though individuals were often only a few
meters distant from one another (B. Ertter, [UC/
JEPS], J. Ruygt, personal communication). More
molecular work on these newly interpreted

populations from Solano to Colusa counties

may help to further unravel the relationship

between these two taxa, but, as interpreted now,
the Federally Endangered S. keckii, while still

exceedingly uncommon, is now reported for

seven counties, rather than just one or two, as

previously thought. The number of populations

currently extant is still unknown. The following

key is offered to distinguish the two species:

la. Upper paired stipules (at petiole bases) and
bracts (at pedicel bases) each divided to base

into 2 or more linear lobes nearly equal to or

longer than calyx; length of central tooth of

middle leaf lobe on upper stem leaves much
longer than lateral teeth, so lobe has a single

apical tooth, or lobes entire; inflorescence, calyx

generally not densely glandular .... S. diploscypha

lb. Upper paired stipules and bracts each simple,

linear, undivided (a few divided in robust

plants) generally shorter than calyx; length of 3

apical teeth of widened middle leaf lobe on
upper stem leaves essentially equal; inflores-

cence, calyx generally with many minute
glandular, multicellular simple hairs . . . . S. keckii

Hibiscus lasiocarpos

The Cahfornia Hibiscus was treated by Hill

(1993) as part of the widespread Hibiscus
lasiocarpos Cav. in accordance with the opinions

of Fryxell (1988) and others. The California

populations (primarily in the Sacramento Valley)

remain quite scarce and isolated from any other

populations of this species, the closest of which
are in northwestern Chihuahua, Mexico, and in

Dona Ana Co., New Mexico. Its scarcity causes it

to be of conservation concern in California (List

2: Plants Rare, Threatened, or Endangered in

California, But More Common Elsewhere). I

have reconsidered this restricted Cahfornia plant,

and I have decided to recognize it as Hibiscus

lasiocarpos Cav. subsp. lasiocarpos var. occiden-

talis (Torr.) A.Gray. Its nomenclatural history

follows.

Hibiscus lasiocarpos Cav. var. occidentalis
(Torr.) A.Gray, Proceedings of the American
Academy of Arts and Sciences 22:303. 1887 [4

Mar 1887] (as "'lasiocarpus var. occidentalis'').—Hibiscus moscheutos L. var. occidentalis

Torr., United States Exploring Expedition,

Phanerogams. Pacific North America
17(2):256. 1874.—Type: USA, Cahfornia,
Sacramento Co., Sacramento Valley, s.d.,

Wilkes Expedition 1364 (holotype: NY).

—

Hibiscus lasiocarpos var. californicus (Kellogg)

L. H. Bailey, The Standard Cyclopedia of

Horticulture 1486. 1915.

—

Hibiscus californicus

Kellogg, Proceedings of the Cahfornia Acad-
emy of Sciences 4:292. 1873.—Type: USA,
California, San Joaquin Co., on island near

Middle River bridge, San Joaquin River

(Byron-Stockton Hwy) Alexander & Kellogg

3526 (neotype: CAS; isoneotypes: UC, US)

—

designated by P. A. Fryxell, Systematic Botany
Monographs 25:211 (1988).

This variety continues to be included here

within Hibiscus lasiocarpos Cav. That species,

including the Cahfornia plants, has recently been

treated by Blanchard (2008) as H. moscheutos L.

subsp. lasiocarpos (Cav.) O. J. Blanchard. At
least one flora (Gleason and Cronquist 1991) has

equated Torrey's California variety with all of

H. lasiocarpos, calling it H. moscheutos var.

occidentalis Torr. That concept is not accepted

here because Torrey's type is from California

and clearly represents only the isolated Cali-

fornia population here included, following Gray's
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example, within H. Icisiocarpos. While there is

some variation in pubescence in these two species,

treatments such as Godfrey and Wooton (1981)

and Mohlenbrock (1986) use this feature in

particular to distinguish these species. Other

treatments of the Malvaceae (e.g.. Hill 1982)

and most world floras use some or many hair

characters to distinguish mallow species from one

another, as this family has hair types varying

from simple to bilateral several-rayed hairs,

multi-rayed stellate hairs, glandular hairs, as well

as stellate-lepidote hairs in varying combinations

and densities that usually remain surprisingly

consistent within a taxon. I continue to accept

Hibiscus moscheutos L. and Hibiscus lasiocarpos

Cav. as distinct species based primarily on the

following characters:

la. Upper leaf surface glabrous or sparsely

pubescent, darker than the densely felty-

pubescent lower surface especially when dry;

capsules glabrous or sparsely pubescent on
sutures; involucral bracts uniformly, minutely

canescent Hibiscus moscJieutos L.

lb. Upper leaf surface densely soft-pubescent like

the lower surface, and usually similar in

color; capsules densely pubescent through-

out; involucral bracts densely coarsely pu-

bescent with both short-stellate hairs and
longer spreading simple hairs especially near

the margins Hibiscus lasiocarpos Cav.

According to this species concept, the Califor-

nia plants fit within H. lasiocarpos. This
CaUfornia variety was distinguished by Bailey

as having more uniformly cordate leaves and a

less hairy capsule than the typical variety.

Furthermore, individuals of this taxon charac-

teristically produce long starchy rhizomes from
which they often propagate themselves in their

native habitat, marshes and deltaic areas subject

to unreliable water levels (e.g., Sacramento, 28

Sep 1989, C M. Richard 098928 [OAKL: 4
sheets]). This variety often exceeds 2 m in height,

and the capsules are globose and 2.5-3 cm,
whereas the typical variety normally grows to

2 m or less (not infrequently < 1 m tall) and has

subglobose or short-cylindic capsules 2-2.5 cm
long.

LavATERA vs. Malva

The genera Lavatera L. and Malva L. have
undergone a significant revision since the publi-

cation of TJMl. Studies by Ray (1994, 1995) on
nuclear rDNA Internal Transcribed Spacer (ITS)

sequence data as well as morphological features

led to the conclusion that the species of Malva
and Lavatera are all closely related, and that a

significant number of species assigned to both
genera were more closely related to one another
than previously thought. In particular, several

species in Lavatera were found to be more closely

related to Malva sylvestris L., the type species of

Malva, than they were to Lavatera trimestris L.,

the type species of Lavatera, by means of both
sets of data. Both genera are still accepted, but

circumscriptions have changed, and the closely

related taxa could no longer be maintained within

two separate genera. Therefore, the realignment

of species within Lavatera had to be formalized.

Nomenclature for the species of Malva included

in TJMl remain the same.

Ray (1998) chose to maintain both genera with

the types as stated above, and he defined them
not only by their ITS characters, but also by a

series of mericarp features. Malva was distin-

guished from Lavatera primarily by its mericarps

that 1) are rounded in only the axial direction on
the abaxial side, 2) have lateral angles or edges, 3)

completely or nearly completely enclose the seed,

4) do not separate readily from the seed, and 5)

act as a dispersal unit. This group contains not

only cosmopolitan weedy species formerly in-

cluded in both genera, but also several unusual

disjunct taxa in Australia, Baja California,

Mexico, and California, USA, that had formerly

been treated within the genera Lavatera or

Saviniona Webb & Berthelot.

Ray (1998) proposed new combinations and
new names for several of the taxa formerly placed

within Lavatera. Consequently, all three Lavatera

species in TJMl are now considered to belong in

Malva. Ray (1998) proposed the name Malva
dendromorpha M. F. Ray as a substitute for

Lavatera arborea L., as he thought that Malva
arborea was a name already taken and unavail-

able. However, the name that he cited, ""Malva

arborea St.-HiU', was never published (a Sphcdma
typographicum (misprint) in Index Kewensis),

and so the next available name, Malva arborea

(L.) Webb. & Berthelot (1836. Histoire Naturelle

des lies Canaries, pt. 2. Phytographia Canariensis

1:30.) based on the Linnaean name is the correct

name in Malva and Malva dendromorpha M. F.

Ray becomes superfluous. Ray (1998) also

proposed the name Malva liimaei M. F. Ray to

replace the name Lavatera cretica L., as Malva
cretica Cav. had already been used for a different

plant. However, it was brought to my attention

(Hinsley 2009) that the name Malva pseudolava-

tera Webb & Berthelot (1836. Histoire Naturelle

des lies Canaries, pt. 2. Phytographia Canariensis

1:29.) had been proposed as a substitute name for

Lavatera cretica long before Ray's substitute

name, and can be considered to be the correct

name for the plant, making Ray's name super-

fluous. For the third California Lavatera, Ray
(1998) proposed the new combination Malva
assurgentiflora (Kellogg) M. F. Ray for the

indigenous species formerly called Lavatera

assurgentiflora Kellogg, and this is now its name
in Mcdva. Further study may indicate that there

are two distinct subspecies within this coastal
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California species as suggested by Philbrick

(1980).

Lavatera itself as currently defined (Ray 1998)

is only rarely found as an introduced plant in

North America and in California in particular.

Both L. olbia L. and L. trimestris L. have been

found as waifs in the state (see below). A third

species, Lavatera thuringiaca L., has been found
rarely as an escape in more northern parts of

North America.

Additional Malvaceae in the Flora

Ilianma rivularis (Dougl.) Greene was not

included in the flora of California in 1993

(Hickman 1993). Two specimens collected by
Joseph P. Tracy on August 14, 1939, in

Humboldt Co. recently came to light. They had
been overlooked for many years and there are no
other known records of this native species in

California, though it is much more common
north of the state. The vouchers for this species

are: CALIFORNIA. Humboldt Co.: Willow
Creek Canyon, along Trinity Highway, in woods
near stream, altitude 2500 feet, 14 Aug 1939, /.

P. Tracy 16104 (MO 1191877!, MO 1191878!). It

is doubtful that it still exists in the state, but there

is always the chance it persists. It should also

be sought in Lassen or Modoc counties where
there is suitable habitat. Iliamna latibracteata

Wiggins is well-known from redwood forest

regions in Humboldt County, and it differs

from /. rivularis by its wider bractlets (ca. 1 cm
wide and long vs. 2 mm wide X 4.5-6 mm long

in /. rivularis) and its dense pubescence on the

undersides of the leaves (hairs sparse in /.

rivularis). Iliamna bakeri (Jeps.) Wiggins is found
in more inland chaparral sites in northern

California, and it has more shallowly lobed

leaves and shorter (2-5 cm vs. >5 cm), stouter

petioles than the other two.

Several species of Malvaceae have become
naturalized or have been found as waifs in recent

years and are added to the flora.

Anoda pentaschista a. Gray. California:
Imperial Co.: Collins and Flood, Bard, weed in

citrus, two trees involved in 40 acre grove, 9

Sep 1983, L. Pineda & R.A.Flock s.n. (CDA
4902, CDA 4903, RSA 327698).

Lagunaria patersonia (Andr.) G. Don. CAL-
IFORNIA. San Diego Co.: Camp Pendleton,

south of Santa Margarita River, 200 ft west of

Stuart Mesa Road, and north of old sewage
treatment ponds, elevation 3 m, 21 Jul 2007, C.

Martins 401 (SD 179434!).

Lavatera olbia L. CALIFORNIA. Orange
Co.: Laguna Canyon, 17 Jun 1994, O.F.Clarke

s.n. (UCR 120561). San Francisco Co.: shrubs

to 8 ft. tall, commonly naturalized on non-
irrigated waste ground of formerly cultivated

garden, Victor Reiter's garden, 1195 Stanyon
St., San Francisco, 4 Aug 1970, T.C. Fuller s.n.

(CDA 5008).

Lavatera trimestris L. CALIFORNIA. Santa
Barbara Co.: edge of water, Lauro Canyon
Reservoir near San Roque Rd., Santa Barbara,

25 Jun 1975, C. F. Smith 10902 (CDA 5007;

RSA 535067). Cited in Smith (1976).
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Abstract

The names of two eastern North Pacific kelps (Phaeophyceae, Laminariales, Alariaceae) were
inadvertently validated by Josephine Tilden on labels to specimens distributed in the exsiccata

"American Algae". Lectotypes for Lessonia lit toralis and Pleurophycus gardneri, which concomitantly

are the types of the names of the monospecific genera Lessoniopsis and Pleurophycus, respectively, are

herein designated from among specimens housed in the Herbarium of the University of Minnesota,

Tilden's home institution. Lessoniopsis ranges from Kodiak Island, Alaska, to the Big Sur coast of

Monterey County, California, whereas Pleurophycus ranges from southeastern Alaska to Pt. Piedras

Blancas, San Luis Obispo County, California. Molecular data suggest that both Lessoniopsis and
Pleurophycus belong to the Alariaceae, a departure from their previous familial placements in the

Lessoniaceae and Laminariaceae, respectively.

Key Words: W. G. Farlow, Laminariales, Lessonia, Lessoniopsis, Pleurophycus, DeAlton Saunders,

W. A. Setchell, Josephine Tilden.

Lessoniopsis littoralis

As recounted by Setchell and Gardner (1903,

p. 267), Lessoniopsis littoralis Farlow et Setchell

ex Tilden was first brought to the attention of

science by Elihu Hall of Oregon, who sent a

specimen to William Gilson Farlow at Harvard.

Farlow (1875, p. 355) assigned it tentatively to

Lessonia fuscescens Bory (syntype localities:

Concepcion, Chile, and the Falkland Islands).

Later, Farlow (1876, p. 707) assigned the Hall

specimen to L. nigrescens Bory (type locality:

Cape Horn). After having seen a living specimen

at Monterey in 1885, Farlow decided that Hall's

specimen represented an undescribed species of

Lessonia for which he proposed the manuscript

name L. littoralis. This name can be found on
labels to specimens in the Farlow Herbarium
(FH) or sent by Farlow to other herbaria. The
species was still undescribed when William Albert

Setchell, who had been appointed Professor of

Botany at the University of Cahfornia in 1895,

first saw it in the field - at Cypress Point,

Monterey Peninsula, in July 1896. In his note-

book, under no. 1417, Setchell wrote ""Lessonia

litoralis [using an alternative spelling of the

epithet] Farlow mscr.", but on the labels to his

specimens he wrote ""Lessonia litoralis F. & S.".

The use of ''F. & S.'' for the authorship appears

to follow Josephine Tilden's exsiccata, "Ameri-
can Algae" (fourth century, dated February 20,

1900), in which a description of ""Lessonia

littoralis Farlow and Setchell. Mss."" is given on
the label to no. 342. The basis for this accredi-

tation is unclear as there is no evidence that

Farlow or Setchell had provided Tilden with

pertinent information. In fact, Tilden had previ-

ously severed relations with Setchell (letter to

Setchell dated November 21, 1898) because of the

"unpleasant spirit" and "ungentlemanly tone" of

his criticism of the first fascicle of her exsiccata.

On the label to no. 342, Tilden gave credit to

DeAlton Saunders for the determination. Saun-

ders had recently returned from serving as

botanist on the Harriman Alaska Expedition,

which gave him the opportunity to observe and
collect this kelp. An explanation of how Tilden

came to describe the species can be found in a

letter from Saunders to Setchell, dated March 1,

1900:

"I was somewhat surprised on receiving Miss

Tilden ['s] set [American Algae Century IV]

that I had determined so many species. While I

was working Christmas at Minneapolis she

often showed me things that bothered her & I

suggested that they look like so & so—That
evidently constituted a determination in her

mind. Thinking to save her a great deal of

unnecessary blundering & perhaps the chagrin

of redescribing your Lessonia I told her my
understanding of it & suggested her writing

you ... I believe her work for pure superficiality

cannot be equalled."

Farlow was scarcely less critical. In a letter to

Setchell dated March 12, 1896, with regard to the

first fascicle of 'American Algae", Farlow wrote:

"Miss Tilden ['s] specimens are worse than any

I ever saw except Kiitzing's... A good part of
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the other numbers which I have examined are

incorrectly named. I felt like writing a savage

notice of the century but I concluded that it

was better to say nothing. Whatever criticism

emanates from Harvard is believed in a good
part of the country to be merely ill natured

jealousy of progressive Western botanists and
any criticism, however just, excites sympathy
for the person criticized and has no weight as

criticism."

Whatever her shortcomings as a taxonomist,

Tilden made significant contributions to phycol-

ogy. She was a pioneer in the study of thermal

algae in the United States. She founded the

University of Minnesota Seaside Station at Port

Renfrew on the west coast of Vancouver Island.

She compiled and published a card index to

phycological literature, "Index Algarum Univer-

salis", popularly called the "Tilden Index", which
remains useful despite being largely unknown or

ignored by present-day taxonomists. She also

published a somewhat idiosyncratic but thought-

provoking text book. The algae and their Ufe

relations (Tilden 1935), a pioneer work in which
classification was addressed with reference to

pigmentation, food reserves, and evolutionary

environmental changes.

Because no other collections were cited on the

label, the specimens distributed as no. 342 in

Tilden's "American Algae" constitute the type

collection of Lessonia littoralis. This collection

was made by Tilden on August 3, 1898, at Baird

Point on the Strait of Juan de Fuca, Vancouver
Island, British Columbia, Canada. Three speci-

mens of this distribution are in the Herbarium of

the University of Minnesota (MIN) while two are

in the Herbarium of the University of California

(UC), all so fragmentary as to validate Farlow's

criticism of the quality of Tilden's collections. One
specimen (MIN 3607), which lacks the exsiccata

label but is otherwise labeled ''Lessonia littoralis

Farlow. Am. Alg. 342.", is somewhat more
informative than the other four specimens seen

in this study and is herein designated lectotype

(Fig. 1). All other distributions of no. 342 are

isotypes (isolectotypes). The name Lessonia littor-

alis must be accredited either to Tilden (when using

an abbreviated format) or to Farlow et Setchell ex

Tilden (when using an extended format), but not to

Farlow et Setchell because Tilden wrote the

diagnosis. The type locality has been incorrectly

indicated as Cypress Point, Monterey Peninsula,

by Smith (1944, p. 145) and Nicholson (in Abbott
and Hollenberg 1976, p. 246).

Lessonia littoralis was made the type of a new
genus, Lessoniopsis by Reinke (1903), thus
restricting Lessonia to the southern hemisphere.
Lessoniopsis littoralis (Tilden) Reinke is a cuma-
phyte, growing only in the most exposed rocky
sites, usually just below Postelsia palmaeformis

Rupr. in the lowermost intertidal and upper
subtidal zones. It ranges from Kodiak Island,

Alaska (Druehl 1970) southward to Kasler Point,

Monterey County, California {Silva 802 in UC).

PLEUROPHYCUS GARDNER!

Setchell and Saunders, independently from one
another, recognized Pleurophycus garclneri Setch-

ell et Saunders ex Tilden as an undescribed

species representative of an undescribed genus of

kelps. The first specimens available to Setchell

were those collected in 1898 by N. L. Gardner, a

high school teacher in Oak Harbor on the west

coast of Whidbey Island, Washington. The alga

that Setchell immediately recognized as unde-
scribed is similar to Laminaria, with a single blade

borne on a sturdy stipe, but unlike the latter

genus, its blade has a midrib. For this alga

Setchell proposed the manuscript name Pleur-

ophycus garclneri. On June 26, 1899, Saunders
collected the same kelp at Yakutat Bay, Alaska.

In a letter to Setchell dated September 1, 1899,

Saunders wrote:

"It is a good thing for both of us that I stayed a

week in Pudget Sound & collected with Mr
Gardner. Otherwise I should have done you an
injustice—I should have had the description of

your Pleurophycus published under a different

name."

Setchell then proposed joint authorship and
Saunders hesitantly accepted the proposal. In

subsequent correspondence, the place of publica-

tion was discussed, Saunders favoring the forth-

coming results of the Harriman Expedition while

Setchell favored a note intended for the journal

Zoe. While Setchell and Saunders were dithering,

Tilden published a valid description of this new
genus and species under the name '"Pleurophycus

garclneri Setchell and Saunders Mss." (label to

no. 346, American Algae, fourth fascicle, Febru-

ary 20, 1900). As with Lessonia littoralis, Tilden

came to publish the first description of this kelp

with the inadvertent assistance of Saunders during

his Minneapolis visit at Christmas time in 1899.

Setchell (1901) published a more complete
description in the journal Zoe, which appeared
early in 1901 (between February 15, when the

editor, Mrs. Brandegee, sent proof to Setchell,

and March 26, when Mrs. Weeks acknowledged
receipt of a reprint from Setchell). The account of

the algae of the Harriman Alaska Expedition

(Saunders 1901) was published November 15,

1901. Plate LII in that account is a drawing of

"an almost perfect specimen ... collected by Miss
J. E. Tilden in Puget Sound". This specimen has

not been located.

The specimens distributed by Tilden under
no. 346 in both sets of "American Algae" housed
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at UC and the set at MIN are predictably

fragmentary. The specimen at Minnesota (MIN
3613) comprises a horizontal swath of a blade, a

small piece of a stipe, and the base of a blade

minus the holdfast. The specimens were collected

by Tilden on May 28, 1898, at North Bay, San
Juan Island, Washington, and determined by
Saunders. Because no other collections are cited

on the label, these specimens must be considered

as constituting the type collection. No specimen

in the Herbarium of the University of Minnesota
was indicated by Tilden as the holotype. There-

fore, no. 346 of "American Algae" (MIN 3613) is

herein designated lectotype of Pleurophycus

gardneri (Fig. 2). All other distributions of this

number are isotypes (isolectotypes). The generic

and specific names must be accredited either to

Tilden (when using an abbreviated format) or to

Setchell et Saunders ex Tilden (when using an

extended format), but not to Setchell et Saunders

(as has always been done in the past), because

Tilden wrote the diagnosis. The type locality is

San Juan Island and not Whidbey Island (as has

been erroneously assumed by previous authors).

At the time when the known southern limit of

Pleurophycus gardneri was Coos Bay, Oregon,

Setchell and Gardner (1925, p. 607) speculated

that "It possibly extends many miles further

south, even to the coast of California." The first

collection from California seems to be a plant

obtained in the drift in Mendocino Bay on
August 21, 1965, by E. K. Daniels (UC
1318218). Kjeldsen (1972) reported the finding

of a large population on rocks at extreme low tide

level at Fort Bragg, Mendocino County, and an

isolated specimen from the drift at Salt Point,

Sonoma County. VanBlaricom et al. (1986)

studied subtidal populations of Pleurophycus off

Pt. Sierra Nevada and Pt. Piedras Blancas in San
Luis Obispo County, thus greatly extending the

range southward. They also retrieved two thalli

of Pleurophycus from the anchor upon departure

from a site near Pt. Sur. Pleurophycus was later

found growing on an unnamed bank near Pt. Sur

(subsequently named Schmieder Bank) by a

Cordell Expedition in 1989 (UC 1575256,

1575257) and was reported as forming a zone at

depths of 30-45 m all along the coast of

Monterey County from Carmel to Pt. Sur
(Spalding et al. 2003).

Although the progression of records suggests a

southward movement of this kelp, there is no
reason to believe that the distribution in Califor-

nia has changed in recorded history.

Classification of Lessoniopsis
AND Pleurophycus

The numerous genera of kelps are held

together in a single order, Laminariales, distin-

guished by a unique structural plan and a nearly

unique life history that involves separate game-
tophytic and sporophytic generations. Gameto-
phytes are very small filamentous thalli that

undergo oogamous sexual reproduction. The
thallus of the sporophyte is parenchymatous
and comprises a holdfast, stipe, and blade, the

latter two structures joined by a transitional

meristematic zone. Sporangial sori are borne
either on a central blade or on special lateral

sporophylls. Whereas gametophytes show rela-

tively little variation, there is an astonishing

number of variations of the sporophyte, leading

to the recognition of a large number of mono-
typic genera. In a long-standing but simplistic

classification, longitudinal splitting of the meri-

stem and the production of lateral sporophylls by
the stipe immediately below the transition zone

were cardinal points in the recognition of three

families of Pacific coast kelps: Laminariaceae,

without splitting or lateral sporophylls; Alaria-

ceae, without splitting but with lateral sporo-

phylls; and Lessoniaceae, with splitting but

without lateral sporophylls. Lessoniopsis has a

complex morphology that makes classification

difficult. The meristem splits repeatedly to

produce a very large number of narrow, ribbed,

sterile blades, each blade subtended by 1-3 pairs

of ribless sporophylls. This straddling of two
families (Lessoniaceae and Alariaceae) was ac-

commodated by Setchell and Gardner (1925) by
placing the genus in its own tribe within the

Lesssoniaceae, deciding on this family rather than

the Alariaceae because the thallus of Lessoniopsis

more closely resembles that of Lessonia than that

of Alaria. Prior to the recognition of the

Alariaceae and Lessoniaceae by Setchell and
Gardner (1925), the Lessoniopseae had been

established by Setchell (1912) as a tribe of

Laminariaceae.

Pleurophycus, by contrast, has a simple form

that apparently is not very different from
Laminaria. Germann (1986), however, has shown
that at the end of the growing season the blade

abscisses, in contrast to other members of the

Laminariaceae in which the old blade disappears

progressively in response to senescence and
abrasion by wave action in winter storms. After

the blade has abscissed, the abscission layer is

protected by an outgrowth of cortical cells,

forming a scar that remains at the distal end of

newly formed blades. Another unusual feature is

the formation of sporangial sori on the midrib as

well as on the wings of the blade.

Despite the distinct morphology of such genera

as Postelsia, Macrocystis, and Nereocystis, the

Laminariales show relatively little molecular

diversity. Nucleotide sequence comparisons of

various parts of the nuclear, chloroplast, and

mitochondrial genomes of 42 species reveal

unexpected groupings of genera within the

Alariaceae-Laminariaceae-Lessoniaceae complex
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(Lane et al. 2006). In the new alignment, both

Lessoniopsis and Pleurophycus are included in the

Alariaceae along with the traditionally placed

members Alaria and Pterygophora. The presence

of lateral sporophylls in Lessoniopsis is a

character in agreement with Alaria and Pterygo-

phora, but it is difficult to imagine the evolution-

ary transformation of Pleurophycus from an

alarioid ancestor to its present-day laminarioid

form.

The molecular-based Laminariaceae has an

even more surprising circumscription. In addition

to genera traditionally assigned to this family, it

includes Nereocystis, Macrocystis, Pelagophycus,

and Postelsia. The inclusion in the Laminariaceae

of these four genera, which have traditionally

been assigned to the Lessoniaceae, greatly nar-

rows the breadth of the latter family, but

molecular data supports the transfer of Egregia

and Eisenia from their traditional placement in

the Alariaceae to the Lessoniaceae, where they

join the southern hemisphere genera Lessonia,

Ecklonia, and Eckloniopsis. On the basis of

molecular data. Lane et al. (2006) established a

fourth family, the Costariaceae, comprising
Agarum, Costaria, Dictyoneurum, and Thalassio-

phyllum. These familial realignments imply that

longitudinal spUtting in the transition region and
the production of sporophylls are characters that

have arisen more than once, thus increasing the

difficulty of writing diagnoses at the family level.
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Abstract

We describe Arceuthobium abietinum subspecies wiensii (Wiens' dwarf mistletoe, Viscaceae), a dwarf
mistletoe that severely parasitizes red fir and Brewer spruce in northwestern California and
southwestern Oregon. This classification is based on morphological and host range differences

between white fir dwarf mistletoe {Arceutlwbium abietinwn f. sp. concoloris), red fir dwarf mistletoe

{ArceutJwbium abietinum f. sp. magnificae), and Wien's dwarf mistletoe. Male and female plants of

Wiens' dwarf mistletoe were consistently smaller than those of both white fir and red fir dwarf
mistletoes, whose plants were about the same size. The shoot color of Wiens' dwarf mistletoe was
frequently green-brown or red-brown, while the shoot color of white fir and red fir dwarf mistletoes

was typically yellow-green or yellow. Differences in host specificity also distinguish Wiens' dwarf
mistletoe from white and red fir dwarf mistletoes.

Resumen

Se describe Arceuthobium abietinum subespecie wiensii (muerdago enano de Wiens, Viscaceae), un
muerdago enano que parasita severamente a Abies magnifica y a Pieea breweriana en el noroeste de

California y suroeste de Oregon. Esta clasificacion se basa en diferencias morfologicas y de hospederos

entre el muerdago enano del oyamel bianco {Arceuthobium abietimim f. sp. concoloris), el del oyamel
rojo {Arceuthobium abietinum f. sp. magnificae), y el de Wiens. Las plantas masculinas y femeninas del

muerdago enano de Wiens son consistentemente mas pequeiias que las del muerdago enano del

oyamel bianco y las del oyamel rojo, las cuales son de tamano similar entre si. El color de las ramas del

muerdago enano de Wiens fue frecuentemente cafe verdoso a cafe rojizo, mientras que el de los

muerdagos del oyamel bianco y del oyamel rojo tipicamente fue verde amarillo o amarillo.

Adicionalmente, el muerdago enano de Wiens se distingue de los otros dos por diferencias en la

especificidad de sus hospederos.

Key Words: Abies concolor, Abies magnifica, Arceuthobium, dwarf mistletoe, Picea breweriana.

Fir dwarf mistletoe {Arceuthobium abietinum

Engelm. ex Munz) is a common parasite of white

fir {Abies concolor (Gordon & Glend.) Hilde-

brand; including var. lowicma (Gordon) A.
Murray), and red fir {Abies magnifica A. Murray;
including var. shastensis Lemmon) in the Sierra

Nevada Mountains, Cascade Range, and the

Klamath and Siskiyou Mountains of northwest-

ern CaHfornia and southwestern Oregon (Hawks-
worth and Wiens 1972, 1993, 1996). Fir dwarf
mistletoe populations that parasitize white fir in

the Sierra Nevada Mountains do not infect red

fir, while the fir dwarf mistletoe populations

infecting red fir do not infect white fir, yet they

are all morphologically similar. Recognizing this

distinction, Hawksworth and Wiens (1972, 1996)

named two special forms of A. abietinum: A.

abietinum Engelm. ex Munz formae speciales

concoloris Hawksworth & Wiens, which parasit-

izes white fir, and Arceuthobium abietinum

Engelm. ex Munz f. sp. magnificae Hawksworth
& Wiens, which parasitizes red fir.

Parmeter and Scharpf (1963) were the first to

report the extreme host specificity of fir dwarf
mistletoe populations based on cross inoculation

studies and their field observations in mixed red

and white fir stands in the Sierra Nevada
Mountains. Although Hawksworth and Wiens

(1972, 1996) did not find morphological or

phenological differences between the fir dwarf
mistletoe populations parasitizing white and red

fir, their field observations in the Sierra Nevada
Mountains confirmed the host specificity report-

ed by Parmeter and Scharpf. Due to the

economic impact that A. abietinum has on true

firs in California, Hawksworth and Wiens (1972,

1996) argued that since the host affinities of the

two fir dwarf mistletoes were so distinct, they

deserved taxonomic recognition and designated

them as formae speciales in accordance with
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recommendation 4B of the International Code of

Botanical Nomenclature.

Although Nickrent et al. (2004) suggested a

taxonomic classification that treats A. ahietinwn

under A. campylopodum Engelm. based primarily

on molecular data, we reject this alternative

classification and adopt the taxonomic treatment

for Arceiithobium of Hawksworth and Wiens

(1972, 1996) which distinguishes A. ahictinum

from A. cujupylopodwu using morphological and
host range differences between these species. We
also agree with Hawksworth and Wiens' (1996)

classification of the dwarf mistletoe populations

that parasitize Pacific silver fir {Abies amahilis

Douglas ex J. Forbes) and noble fir {A. procera

Rehder) in Oregon and Washington as hemlock
dwarf mistletoe {Arceuthohium tsugense (Ro-

send.) G. N. Jones) although we have determined

that two subspecies of hemlock dwarf mistletoe

parasitize these true firs to different degrees

(Mathiasen and Daugherty 2005, 2007). The
subspecies of hemlock dwarf mistletoe that occur

on Pacific silver and noble firs can be distin-

guished from fir dwarf mistletoe by their

differences in shoot color and their inability to

parasitize red fir (Hawksworth and Wiens 1996;

Mathiasen and Daugherty 2005, 2007). Further-

more, white fir dwarf mistletoe does not infect

western hemlock (Tsuga heterophylla (Rafael)

Sargent) although this hemlock is frequently

associated with infected white firs in Oregon
and grand firs {Abies gram/is (Douglas ex D.
Don) Lindley) in Washington (Hawksworth and
Wiens 1996).

In 1996 we were shown a population of dwarf
mistletoe severely parasitizing red fir and Brewer
spruce {Pieea brewericma Watson) by Dr. Gregg
DeNitto, USDA Forest Service, which occurred

near Baldy Mountain northwest of Happy Camp,
California (Fig. 1, site 11). Although the dwarf
mistletoe plants there resembled fir dwarf mistle-

toe, plants on both hosts were green-brown or

red-brown instead of the typical yellow-green to

yellow of fir dwarf mistletoe in the Sierra Nevada
Mountains (Hawksworth and Wiens 1996).

Furthermore, the dwarf mistletoe occasionally

infected white fir indicating it was not Areeutho-

bium ahietinum f. sp. magnificae {sensu stricto).

Our examination of another population of dwarf
mistletoe parasitizing white fir and Brewer spruce

near Flat Top Mountain west of Grants Pass,

Oregon (Fig. 1, site 6) also showed the plants at

this location were green-brown to red-brown, but
otherwise resembled fir dwarf mistletoe. The Flat

Top Mountain population had been previously

classified as A. abietinum f. sp. eoneoloris because
white fir was also parasitized there (Hawksworth
et al. 1967; Hawksworth and Wiens 1972, 1996).

Since the fir dwarf mistletoe on Baldy and Flat

Top Mountains infected both red and white firs,

as well as Brewer spruce, we began intensive

morphological, phenological, and host suscepti-

bility studies of the populations of dwarf
mistletoes parasitizing true firs and Brewer spruce

in northern California and southwestern Oregon
in 1998. Our morphometric analyses and data on
host susceptibility differences support the de-

scription of a new subspecies of fir dwarf
mistletoe.

Arceuthobium abietinum Engelm. ex Munz subsp.

wiensii Mathiasen & C. Daugherty, subsp. nov.

Wiens' dwarf mistletoe.—Type: USA, Califor-

nia, Siskiyou Co., 41 49'21"N, 123 28'05"W.
Elev. 1820 m. Klamath National Forest, Baldy
Mountain, 18.2 km west of Indian Creek on
forest rd. 17N1 1 (Doolittle Creek rd.), parasitic

on Pieea breweriana, 8 Aug., 2008. R. L.

Mathiasen and CM. Daugherty 0823 (holo-

type: ASC; isotypes: JEPS, UNM, US).

Plantae 4-16 (9) cm altae; surculi prinicipales

basi 2-6 (3) mm diam.; internodis tertiis 6-27 ( 14)

mm longis, 2 mm latis; fructus maturi 4.2 mm
longi, 3.0 mm latis; anthesis mense Julio Au-
gusto; fructus maturitas Septembri Octobri. In

Abies niagnifiea et Pieea breweriana parasiticae.

Plants 3.8-16.1 cm in height (mean ca. 9 cm);

basal diameter of dominant plants 1.8-5.8 mm
(mean 3.1 mm); third internode length 5.6

27 mm (mean 14.0 mm) and 1.9 mm wide
(Figs. 2 and 3); staminate plants primarily

green-brown, but many red-brown; pistillate

plants primarily green-brown, but some red-

brown or, rarely, yellow-brown; staminate flow-

ers 3 or 4-partite, flower diameter 2.0-3.8 mm
(mean 2.8 mm); mature fruit length 3.1 5.0 mm
(mean 4.2 mm) and 2.2-3.5 mm wide (mean
3.0 mm)(Fig. 4). Seeds 1.9-2.9 mm long (mean
2.4 mm) and 0.9-1.5 mm wide (mean 1.1 mm).

Phenology: Anthesis from early July through
late August with peaks in late July to early

August; seed dispersal from early September to

mid October with peaks in late September to

early October.

Habit: Principally parasitic on Abies magnifiea

and Pieea breweriana. Occasionally parasitic on
Abies concolor and Abies lasioearpa (Hook.)
Nutt. Rarely parasitic on Pinus niontieola Dou-
glas ex D. Don. The host susceptibiUty classi-

fication used here and below is based on the

system described in Hawksworth and Wiens
(1996).

Distribution: Wiens' dwarf mistletoe occurs in

northwestern California from South Fork Moun-
tain (Trinity Co.) north through the Siskiyou and
Klamath Mountains into southwestern Oregon
on Flat Top Mountain (Josephine Co.)(Fig. 1).

Elevational range is from ca 1500 m on South
Fork Mountain to as high as 2000 m on Baldy

Mountain northwest of Happy Camp, California.

Representative specimens: Areeuthobiuni abie-

tinum subsp. wiensii Paratypes: [all citations
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Fig. 1. Approximate locations of populations sampled for Arceuthobium abietinum subsp. wiensii, A. abietinum f.

sp. nuignificae and A. abietinum f. sp. concoloris. Open circles indicate populations of subsp. wiensii, open squares

represent f. sp. nuignificae and closed circles represent f. sp. concoloris. Locations: 1—Big Tree rd N of Trout Lake;
2—east side of Suttle Lk.; 3— 17 km S of Sisters on rd 16; 4—south boundary of Crater Lake Nat. Park on Rte. 62;

5— 1 km E of entrance to Joseph Stewart St. Park; 6—Flat Top Mtn.; 7—Steve Fork Cr.; 8—Althouse Mtn.; 9

—

Bolan Mtn.; 10—Jet. of Greyback rd and rd to Kelly Lk.; 1 1—Baldy Mtn. 18 km W of Indian Creek on Doolittle

Cr. rd; 12—Rock Creek Butte 41 km N of Orleans; 13—Yellow Jacket Ridge on trail to Chimney Rock Lk.; 14

—

Etna Summit on rd to Sawyers Bar; 15—3 km N of Eaton Lk. in Russian Peak Wilderness; 16—South Fork Mtn.
20 km N of Rte. 36; 17—South Fork Mtn. 8 km N of Rte. 36; 18— 10 km W of Stewart Hot springs on Park Creek

rd; 19—1 km W of Black Butte trailhead; 20—10 km W of McCloud on Rte. 89; 21—11 km W of entrance to

Lassen Nat. Park on Rte. 44; 22— 16 km S of north entrance to Lassen Nat. Park on Rte. 89; 23— 17 km SW of
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1 cm
Fig. 2. Male plants of Arceuthobium abietinum subsp. wiensii in September.

based on Abies magnifica except as noted] USA.
OREGON. Josephine Co.: Flat Top Mountain,
on Picea brewericma, 2003, Mathiasen 0357 (o*)

(ASC); same site, 2007, Mathiasen 0741 {cr & Q)
(ASC); same site, on Abies lowiana, Mathiasen
0742 (o- & 9) (ASC) (Fig. 1, site 6); Steve Creek,

on Picea breweriana, 2003, Mathiasen 0360 {cr &
9) (ASC) (Fig. 1, site 7); Althouse Mountain,
2003, Mathiasen 0336 (cr & 9) (ASC) (Fig. 1, site

8) . CALIFORNIA. Siskiyou Co.: Bolan Moun-
tain, 2007, Mathiasen 0743 (cr & 9) (ASC); same
site, 2008, Mathiasen 0835 (9) (ASC) (Fig. 1, site

9) ;
Baldy Mountain, 1998, Mathiasen 9884 (o-)

(ASC) (Fig. 1, site 11); same site, on Abies
lowiana, Mathiasen 9883 {Cf) (ASC); same site,

on Picea breweriana, Mathiasen 9885 {cr) (ASC);
same site, 2003, Mathiasen 0334 {cr) (ASC); same
site, on Picea breweriana, Mathiasen 0332 {cr)

(ASC); same site, on Abies lowiana, Mathiasen
0333 {cr) (ASC); same site, 2007, Mathiasen 0746

(9) (ASC); same site, on Picea breweriana,

Mathiasen 0745 (9) (ASC); same site, 2008, on
Picea breweriana, Mathiasen & Daugherty 0823
{cr & 9) (ASC) and Mathiasen & Daugherty 0833

(9) (ASC); Etna Summit, 2008, Mathiasen 0830
{cr & 9) (ASC) (Fig. 1, site 14); Trinity Co.: South
Fork Mountain, 2008, Mathiasen 0865 {cr & 9)

(ASC) (Fig. 1, site 16).

A total of 7 populations of Arceuthobium
abietinum subsp. wiensii were sampled from
within its geographic range (Fig. 1). From each

population, 20 to 40 infections were collected and
the dominant shoot from each infection was used

for morphological measurements. For each pop-
ulation, 10 or 20 male and female infections were
collected.

Old Station on Rte. 44; 24—13 km SE of rd A21 on Rte. 44; 25—6 km W of Meadow Valley on road to Bucks
Lake; 26—Grizzly Summit W of Bucks Lake; 27—1 km E of Lyons Cr. Trailhead; 28—Echo Summit on U.S. 50;

29—9 km W of Crane Flat on Tioga Pass rd, Yosemite Nat. Park; 30— 16 km W of Crane Flat on Tioga Pass rd,

Yosemite Nat. Park; 31—10 km E of Fish Camp on rd 6S07; 32—11 km E of Fish Camp on rd 6S07.
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Fig. 3. Female plants of Arceuthohium ahietinum subsp. wiensii in November. These plants have developing fruits

that will be mature the following year.

1 cm
Fig. 4. Mature fruits of Arceuthohium ahietinum subsp. wiensii in October.
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In order to make a comparison with the

morphological characters of Arceuthobiuni abie-

tinum f. sp. magnificae a total of 6 populations of

f. sp. magnificae were sampled from the central

and northern Sierra Nevada Mountains (Fig. 1).

From each population, 20 to 40 infections were

collected and the dominant shoot from each

infection was used for morphological measure-

ments. For each population, 10 or 20 male and
female infections were collected. In addition, 20

populations of ArceutJwbium abietinwu f. sp.

concoloris were sampled throughout most of its

geographic range (Fig. 1 ). From each population,

10 male and 10 female infections were collected

and the dominant shoot from each infection was
used for morphological measurements.

The dwarf mistletoe plant characters measured
were those used by Hawksworth and Wiens
(1996) for taxonomic classification. The following

morphological characters were measured: height,

basal diameter, third internode length and width,

and color of the tallest male and female shoot

from each infection collected; mature fruit length,

width, and color; seed length, width and color;

staminate flower diameter; number, length and
width of staminate perianth lobes; and anther

diameter and anther distance from the perianth

lobe tip. Plants were measured within 24 hr after

collection and were measured using a digital

caliper, a dissecting microscope with a microme-
ter, or with a Bausch and Lomb 7X hand lens

equipped with a micrometer. A minimum of 100

measurements or observations of color were
made for each character above. A one-way
analysis of variance (ANOVA, P < 0.05) was
used to determine if there were statistical

differences between the means of the morpholog-
ical characters measured.

Plants of Arceuthobium abietinum f. sp. con-

coloris and f. sp. magnificae were morphologically

similar as reported by Hawksworth and Wiens
(1972, 1996). Although several morphological
characters were similar between the special forms
of A. abietinum and A. abietinum subsp. niensii,

there were several consistent morphological
differences (Table 1). Male and female plants of
subsp. wiensii were consistently smaller than
those of both f. sp. concoloris and magnificae,

whose plants were about the same size. Differ-

ences in plant height were not statistically

different between the special forms of A. abieti-

num, but the plant heights of subsp. wiensii were
different than the plant heights of the special

forms for both male and female plants. As noted
eadier, the color of plants of subsp. wiensii were
frequently green-brown or red-brown, while the

color of plants of f. sp. concoloris and f. sp.

magnificae were typically yellow-green, or yellow
as described by Hawksworth and Wiens (1972,

1996). However, occasionally the female plants,

and rarely the male plants of f. sp. magnificae

were green-brown, particularly at the northern

end of its geographic range, but none were red-

brown. The reddish-brown to nearly orange color

of the plants of subsp. wiensii is a distinctive

character of this dwarf mistletoe.

Staminate flowers of subsp. wiensii were smaller

in size (both 3 and 4-merous flowers) than those of

f. sp. concoloris and f. sp. magnificae (Table 1).

The mean diameters of both 3- and 4-merous
flowers for subsp. wiensii were statistically differ-

ent than those of the special forms. Hawksworth
and Wiens (1972, 1996) reported that staminate

flower diameters of A. abietinum (for both special

forms) were 2.5 mm, so this must have been for 3-

merous flowers because our measurements of 3-

merous flower diameters averaged 2.6 and
2.7 mm for A. abietinum f. sp. concoloris and f.

sp. magnificae, respectively. Hawksworth and
Wiens did not report flower diameters for 4-

merous flowers, but we found that the average

diameter of 4-merous flowers was smaller for

subsp. wiensii (3.2 mm) than for the special forms

(3.5 mm). Another character which typically is

not infoiTnative, but was significantly different

between subsp. wiensii and the special forms was
the distance of the anther from the tip of the

perianth lobe. This distance averaged 0.4 mm
(range 0.2-0.7 mm) for the special forms, but

averaged 0.6 mm for subsp. wiensii and some
anthers were as much as one mm from the tip of

the perianth lobe. This character could often be

observed when comparing the anther location on
perianth lobes between the special forms and
subsp. wiensii using a lOX hand lens.

Fruits of Arceuthobium abietinum subsp. wien-

sii were smaller on average than those for both

special forms (Table 1), but the range in fruit

length and width overlapped for all three taxa.

However, the mean length of the fruits of subsp.

wiensii was statistically different than the mean
lengths of the special forms, but not the mean
width. Furthermore, the color of fruits for subsp.

wiensii was green-brown to green while the color

of fruits for both special forms was consistently

green. Seeds of subsp. wiensii were also smaller on
average than those of the special forms, but the

differences were not statistically significant.

The principal hosts of Arceuthobium abietinum

subsp. wiensii were red fir and Brewer spruce, but

it is most common on red fir. We presently know
of only three locations where it occurs on Brewer
spruce; Flat Top Mountain and Steve Creek,

Josephine Co., Oregon and Baldy Mountain,
Siskiyou Co., California. However, it severely

parasitizes Brewer spruce at these locations, but

only a few spruces are infected near Steve Creek
and the 2002 Biscuit Fire killed most of the

severely infected spruce on Flat Top Mountain.
However, our observations on Flat Top Moun-
tain and those of Hawksworth et al. (1967) before

the Biscuit Fire indicated that many Brewer
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Table 1. Morphological Measurement Results for White Fir Dwarf Mistletoe, Red Fir Dwarf
Mistletoe, and Wiens' Dwarf Mistletoe. Data are presented as means with range, and (sample size) below.

Means followed by different letters in the same row were significantly different (ANOVA, P < 0.05). Plant heights

in cm; all other measurements in mm. 'Distance of anther from the tip of the perianth lobe.

Character

White fir dwarf
mistletoe

Red fir dwarf
mistletoe

Wiens' dwarf
mistletoe

Female plants

Height

Basal diameter

Third internode

length

Third internode

width
Color

Male plants

Height

Basal diameter

Third internode

length

Third internode

width

Color

Staminate fiowers

Diameter—3-merous

Diameter—4-merous

Perianth lobe length

Perianth lobe width

Anther diameter

Anther distance'

Mature fruits

Length

Width

Color

Mature seed

Length

Width

Color

12.0 A
7.0 19.6 (200)

3.7 A
2.3-6.4 (200)

16.0 A
9.3 26.8 (200)

2.2 A
1.5-3.1 (200)

yellow-green/yellow

12.2 A
6.7-19.4 (200)

3.6 A
2.2-6.1 (200)

15.9 A
7.0-23.8 (200)

2.3 A
1.6-3.6 (200)

yellow-green/yellow

2.6 A
2.3-3.0 (150)

3.5 A
3.1-4.0 (150)

1.3 A
1.1-1.7 (300)

1.1 A
0.8-1.4 (300)

0.5 A
0.2 0.7 (300)

0.4 A
0.2-0.6 (300)

4.7 A
3.3-5.6 (160)

3.1 A
2.3-4.0 (160)

green, slightly glaucous

2.5 A
1.9-3.3 (160)

1.1 A
0.8-1.6 (160)

dark green

11.8 A
5.6-18.4 (100)

3.6 A
2.4 6.1 (100)

15.8 A
8.1-24.7 (100)

2.1 A
1.4-3.0 (100)

yellow-green/yellow/green-

brown

11.6 A
7.2- 19.2 (120)

3.5 A
1.9^.8 (120)

15.4 A
9.9-24.4 (120)

2.2 A
1.6-3.1 (120)

yellow-green/yellow/green-

brown

2.7 A
2.4-3.1 (130)

3.5 A
2.6^.1 (130)

1.3 A
1.0-1.9 (260)

1.1 A
0.9-1.5(260)

0.5 A
0.3-0.7 (260)

0.4 A
0.3 0.7 (260)

4.6 A
3.7-5.7 (120)

3.1 A
2.4-3.9 (120)

green, slightly glaucous

2.5 A
2.0-3.3 (120)

1.1 A
0.9-1.6 (120)

dark green

9.5 B
3.8-16.1 (130)

3.2 B
1.8-5.8 (130)

14.7 B
5.6-27.0 (130)

1.9 B
1.3-2.9 (130)

;reen-brown/red-brown

8.9 B
3.5 15.7 (160)

3.1 B
1.9-5.2 (160)

13.5 B
5.4-23.0 (160)

1.9 B
1.4-2.9 (160)

green-brown/red-brown

2.4 B
2.0-2.9 (140)

3.2 B
2.6-3.8 (140)

1.2 A
0.8-2.0 (280)

1.0 A
0.7-1.4 (280)

0.5 A
0.4-0.7 (280)

0.6 B
0.4 1.0 (280)

4.2 B
3.1-5.0 (150)

3.0 A
2.2-3.5 (150)

green to green-brown, slightly

glaucous

2.4 A
1.9 2.9 (150)

1.1 A
0.9 1.5 (150)

dark green

spruces were severely infected there. Many
severely infected Brewer spruces are present on
the east slopes of Baldy Mountain as well as

many dead spruces killed by the mistletoe.

Wiens' dwarf inistletoe occasionally infects

white fir at Flat Top Mountain, Baldy Mountain,
Etna Suinmit, and South Fork Mountain (Fig. 1,

sites 6, 11, 14, and 16). It rarely infects western

white pine at Flat Top Mountain, but we have

not found it parasitizing western white pine at

other locations where this tree is associated with

severely infected red fir or Brewer spruce. Our
observations in the Sierra Nevada Mountains
fully support the earlier reports of the host
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Table 2. Principal Morphological and Host Differences Between White Fir Dwarf Mistletoe, Red
Fir Dwarf Mistletoe, and Wiens' Dwarf Mistletoe. Mean plant heights in cm, all other means in mm.
'Host susceptibility system follows Hawksworth and Wiens (1972, 1996). Host classifications for Wiens' dwarf
mistletoe are based on data from field observations. Host classifications for white fir dwarf mistletoe are based on
field observations and data presented in Hawksworth and Wiens (1996). Host classifications for red fir dwarf
mistletoe are based on data presented in Hawksworth and Wiens (1996).

Character White fir dwarf mistletoe Red fir dwarf mistletoe Wiens' dwarf mistletoe

Mean plant height

Male
Female

Mean basal diameter

Male
Female

Mean length of third internode

Male
Female

Mean fiower diameter

3-merous
4-merous

Mean fruit length

Anther distance from tip

Plant color:

Male
Female

Host susceptibility'

White fir

Red fir

Brewer spruce

Western white pine

12.2

12.0

3.6

3.7

15.9

16.0

2.6

3.5

4.7

0.4

yellow-green/yellow

yellow-green/yellow

principal host

immune
immune
rare host

11.6

11.8

3.5

3.6

15.4

15.8

2.7

3.5

4.6

0.4

8.9

9.5

3.1

3.2

13.5

14.7

2.4

3.2

4.2

0.6

yellow-green/yellow/green-brown

yellow-green/yellow/green-brown

principal host

unknown
unknown

green-brown/red-brown
green-brown/red-brown

occasional host

principal host

principal host

rare host

specificity of the special forms of A. ahietiuiuu

there. Because subsp. wiensii infects both red fir

and white fir, it is physiologically and genetically

distinct from both of the special forms. Further-

more, at three locations where f. sp. coucolovis

was severely infecting white fir, it did not infect

associated Brewer spruce (Fig. 1, sites 10, 12, and
15). The absence of infection of Brewer spruce by
f. sp. coucolovis is further support that it is

genetically distinct from subsp. wiensii.

The geographic range of subsp. wiensii does
not overlap with f. sp. niagnificae and there is a

distinct gap in the distribution of these dwarf
mistletoes (Fig. 1 ). We have been unable to locate

any infection of red fir near Mt. Shasta or west of
there around Mt. Eddy, although red fir is

common in these areas. Hawksworth and Wiens
(1996) illustrated this geographic gap in their

distribution map for red fir dwarf mistletoe (see

their fig. 16.6). However, f. sp. conco/oris is

common in these areas (Fig. 1, sites 18, 19, and
20 and see Hawksworth and Wiens 1996, fig.

16.3). Our map (Fig. 1) only includes the

locations of populations we sampled during this

study and is not meant to replace the distiTbution

map for f. sp. niagnificae in Hawksworth and
Wiens (1996) which illustrates the location of
several other populations of this mistletoe.

Although the distributions of A. ahietinwn

subsp. wiensii and f. sp. conco/oris overlap, we
have not observed any areas where they are

sympatric. Incidence of infection of white fir was
consistently low (36^7%) in mixed red fir/white

fir stands infested with subsp. wiensii. In contrast,

in stands with f. sp. conco/oris, incidence of

infection of white fir was common (>91%). In

addition, f. sp. conco/oris plants can easily be

distinguished from subsp. wiensii by plant size

and color.

Differences in plant size, geographic distribu-

tion, and host range have been the principal

characters used to separate subspecies of Ar-

ceut/io/jiuni (Hawksworth and Wiens 1972, 1996;

Hawksworth et al. 1992; Wass and Mathiasen
2003; Mathiasen 2007, 2008; Mathiasen and
Daugherty 2007) and these are the principal

characteristics that distinguish Arceut/iohium

ahietinwn subsp. wiensii from the special forms

of A. a/iietinuni (Table 2). Because we also found
that the morphological siinilarities between the

special forms of A. abietinum reported by
Hawksworth and Wiens (1972, 1996) are consis-

tent, particularly in the Sierra Nevada Mountains
wheie the special forms are often sympatric, we
concluded that describing these populations as

subspecies of A. ahiefinmn was not appropriate.
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Arceuthobium abietinum subsp. wiensii is

named in honor of Delbert Wiens, ardent student

of Arceuthobium and one of the principal

contemporary architects of the genus. His col-

laboration with the late Frank Hawksworth
spanned over 25 yr during which they described

most of the currently recognized species of

Arceuthobium in Mexico and Central America,
as well as several taxa found in California that

many botanists and foresters recognize as distinct

species (Hawksworth and Wiens 1993; Mathiasen
and Marshall 1999, Hansen and Lewis 2000,

Geils et al. 2002).
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Abstract

Streptanthus oblanceolatus T. W. Nelson and J. P. Nelson is here described and illustrated. It is

endemic to steep metavolcanic bluffs along the gorge of the Trinity River above its confluence with the

New River, where three voucher specimens have been obtained.

Key Words: Brassicaceae, California, metavolcanic, new species, Streptanthus, Trinity County.

This novelty was first collected, but not

recognized as new, by Richard W. Spellenberg

in 1965 on a steep, metavolcanic bluff in the

gorge of the Trinity River at its confluence with

the New River, Trinity County. We were alerted

to it by a note in The Jepson Manual (Buck et al.

1993) appending the treatment of Streptanthus

tortuosus Kellogg, that stated the existence of an
undescribed species near Burnt Ranch in Trinity

County. Streptanthus oblanceolatus is most close-

ly related to the S. tortuosus complex based on its

bracteate racemes and expanded receptacle (Al-

Shehbaz, Missouri Botanical Garden, personal

communication)

.

Taxonomy

Streptanthus oblanceolatus T. W. Nelson and J. P.

Nelson, sp. nov. (Fig. 1)—Type: USA, Cali-

fornia, Trinity Co., steep bluff along State

Route 299, 100 m E of Shasta-Trinity National

Forest boundary, ca. 1.69 km (1 mile) W of

Burnt Ranch, T 5N, R 6E, sec. 3, 418 m
(1350 ft) elevation, 2 June 2004, T. W. Nelson

and J. P. Nelson 9217 (holotype, HSC;
isotypes, MO, CAS).

Herba biennis, caulibus ligneis 50-100 cm
longis, bracteis lanceolatus, petalis luteis, non nisi

pari supero filamentorum arete adhaerentis, semi-

nibus 3/4 circumferentiae alatis, siliquis patentibus

parum recurvatis, et substrates non serpentines.

Plant biennial; stems woody, erect, glabrous,

glaucous, 50-100 cm long, arising from woody
taproot system; inflorescence with many primary
and secondary branches and many small lance-

olate bracts; leaves oblanceolate, dark green
adaxially, gray and glaucous abaxially, 4.5-7 cm
long, 4-6 mm wide, reduced in size upward; calyx

biradial; sepals yellow, inverse boat-shaped,
recurved at tips, 8-9 mm long, enlarged at base,

partially enclosing lower portions of limb of
petals; petals yellow, bilaterally symmetrical,
recurved at tips, long exerted, upper pair 13-

16 mm long, lower pair 12-13 mm long; stamens:

adaxial pair of filaments 13-16 mm long, exsert-

ed, nearly equaling petals in length, connate on
lower 2/3rd, anthers sterile, lateral pair 7.5

9.0 mm long, abaxial 9 1 1 mm long, free; anthers

fertile; pistil green, 6 7 mm long, stigma entire;

siliques torulose, spreading, slightly curved; seeds

oblong, ca. 2 mm long, ca. 1 mm wide, brown,
rugose on one surface, ribbed on the other,

winged 3/4 of circumference; seedling: stem 22

25 cm tall, leaves subequal, oblanceolate with 2

small teeth on each side in the upper half (Fig. 1 ).

Paratypes. USA. CALIFORNIA. Trinity Co.:

along NW slope of New River from mouth to

1/4 mile upstream on steep, rocky banks, 17 June

1965, R. Spellenberg 1153 (HSC); growing near

Grays Falls campground, 70 100 ft. NE of
swinging bridge beside foot trail, 3 April 1972,

D. Santana 699 (HSC).

Distribution and Habitat

Streptanthus ohlaneeolatus is likely to be ex-

tremely rare as it is known only from the three

collections cited herein, all collected within five

miles of one another in Trinity County. It may be

more widespread on cliffs on the opposite side of

the Trinity River gorge and in the New River gorge

where there are many steep, rocky bluffs. Howev-
er, we were unable to search this roadless area as

the old swinging bridge that once provided access

across the Trinity River gorge has been removed,
and attempts to gain access from an old trail above
the New River gorge were unsuccessful.

Streptanthus oblanceolatus grows in fissures

and soil pockets on an exposed, nearly vertical

rock face above State highway 299 and in gravels

below the highway, within an open Quereus

chrysolepis-Pseudotsuga menziesii forest on east

to north-facing aspects. Its few associates include

Selaginella wallacei, Eriogonuni nudum, Keckiella

corynihosa, Sedum spathulatuni, Pentagramma
triangularis subsp. triangularis, and Polystichwn

imbricans subsp. imbricans. Overstory and under-



Fig. 1 . Illustration of Streptautluis ohiauceolatiis. A. Mature plant at anthesis; B. Flower in lateral view; C. Front

view with sepals removed; D. Top view with sepals removed; E. Seedling; F. Seed side view.
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Table 1. Morphological Comparison of Streptanthus oblanceolatus and the 5. tortuosus
Complex. Characteristics of S. tortuosus from Buck et al. 1993.

Character S. oh/ciiucohitus 5". tortuosus

Longevity Biennial Annual to perennial

Adaxial stamen pair Connate below middle, with sterile Free to the base, with fertile anthers

anthers

Basal leaves Oblanceolate Oblong to widely ovate

Cauline leaves Oblanceolate, reduced upward Round to oblong, upper often larger

Inflorescence bracts Numerous Generally 1

Stigma Entire Weakly lobed

Sepals Yellow Purple (yellowish in var. f/avesccns)

Siliques Spreading, straight to slightly curved Generally rellexed, curved

story cover are lacking and shrub and herb cover

are sparse (<2%). A few plants were found on a

roadside mound of rockslide scrapings in associ-

ation with Bronuis hordeaceous, Briza niaxinia

and Arena fatua.

Relationships

Streptantlius has traditionally been divided into

three subgenera based primarily on filament

fusion. Subgenus Streptanthus does not occiu* in

California. The two generally Californian sub-

genera are Pleiocardia, in which filaments are free

to the base, and Euclisia, in which filaments are

partially to fully connate (Hoffman 1952). Under
this model, S. oblanceolatus would belong in

subgenus Euclisia. However, we are following the

advice of Dr. Al-Shehbaz (personal communica-
tion) who, in the absence of molecular data,

discourages recognition of infrageneric categories

in medium-sized and larger genera of the

Brassicaceae, due to considerable homoplasy in

morphological features. Filament connation has

also evolved in the closely related Caulanthus and
Thelypodiwu. Molecular studies in conjunction

with morphology will be necessary to determine
relationships and character evolution within

Streptantlius and related genera.

Streptanthus oblanceolatus was noted as imde-
scribed in an annotation to the treatment for 5'.

tortuosus in The Jepson Manual (Buck et al.

1993). Streptanthus oblanceolatus and S. tortuosus

are both characterized by an expanded receptacle

and racemes that are bracteate below or between
the flowers. Based on these characters, S.

oblanceolatus appears to be most closely related

to the S. tortuosus complex (Al-Shehbaz personal
communication). Table 1 compares morphologi-
cal differences between the two taxa.
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NOTEWORTHY COLLECTIONS

California

Geranium yeoi Aedo & Munoz Garm. (GERA-
NIACEAE).—Del Norte Co., common, grassy road-

banks. Ocean View Drive near North Indian Road, N
of Smith River mouth, 25 m, 19 Oct 2008, Zika 24223
(DAO, DAV, MA, NY, UC, US, WTU); common in

ditches. Ocean View Drive near Eagle Crest develop-

ment, 30 m, 3 Nov 2008, Zika 24271 (CAS, CHSC,
GH, HSC, MA, MO, RSA, WTU); shady roadside

thickets. Ocean View Drive 0.3 km N of Lopez Road,
10 m, 3 Nov 2008, Zika 24272 (MA, WTU).

Previous knowledge. Yeo's geranium is endemic to

central Maderia in Macaronesia, where it is frequent in

woodlands, on sunny slopes and along irrigation

channels (Press et al. 1994. Flora of Madiera. The
Natural History Museum, London). It appears in garden

catalogs and older floras as G. ruhescens Yeo (not G.

ruhesceus Andrews). It undoubtedly was first introduced

in northern California as a garden ornamental, although

it is biennial and not perennial. A useful illustration and
key can be found in Yeo (1997. The European Garden
Flora 5:26-50). In its foliage and habit the species

resembles a husky and large-flowered G. rohertiamnn L.,

with petals 17-21 mm long. Duplicates were kindly

verified by Geranium expert Carlos Aedo in Madrid, who
writes that it is most similar to another Madeiran
endemic that has escaped from cultivation in California,

G. pahnatum Cav. Dr. Aedo notes the two are most easily

separated by the glandular indument, which is purple in

G. pahnatum and colorless with red tips in G. yeoi. They
can also be separated by habit and stamen length.

Significance. This is the first report of Geranium yeoi as

a wild plant in the flora ofCalifornia and North America,
according to Carlos Aedo (personal communication,
MA Herbarium, Real Jardin Botanico). The species was
present intermittently along several miles of roadsides,

and should be sought elsewhere in the northern North
Coast region of California, as well as in adjacent Oregon.

JUNCUS ANTHELATUS (Wiegand) R. E. Brooks
(JUNCACEAE).—Sonoma Co., Pitkin Marsh, near

Forestville, lower part of the Upper Marsh, in the open
on marshy ground, 14 Jul 1951, Z'. Ruhtzoff472 (RSA);
same site, 28 Jul 1951, P. Rubtzoff 564 (CAS, DS).

Previous knowledge. Kentucky rush is native to

eastern North America (Brooks. 2000. Juncus subg.

Poiop/iylh\ in Flora of North America Editorial

Committee, eds. Flora of North America North of

Mexico. Vol. 22), and adventive in British Columbia.
Wetland acreage has been severely reduced in this part of

the Northern Outer Coast Ranges, but hosts a number of

rare species with conservation issues. These wetland
remnants should be surveyed for Juncus anthekitus,

which may have been overlooked among the similar /.

tenuis Willd., a California native that shares with it a

tufted habit, green to reddish tepals, and 1-8 mm long

acute or acuminate semi-translucent auricles at the base

of the leaf blades (at least on spring and summer shoot

growth). The two can be separated by the following key:

la. Fruit <2.5 mm, <3/4 length of perianth; stem
with 2-6 prominent wide pale ridges visible per

side; flowers usually < internodes and scat-

tered in a diffuse inflorescence

Juncus anthelatus

lb. Fruit >2.5 mm, >3/4 length of perianth; stem
with 0-1 prominent wide pale ridges visible per

side; flowers often > internodes and tending to

be more clustered towards branch ivp^Juncus tenuis

Significance. First report for California.

Juncus planifolius R. Br. (JUNCACEAE).—
Humboldt Co., common in damp sunny ditches. Route
101 near Exit 728 for Trinidad Beach, 110 m, 19 Oct
2008, Zika 24229 (CAS, CHSC, GH, HSC, MO, PRA,
RSA, UC, UCR, WS, WTU).

Previous knowledge. New Zealand rush is indigenous

to New Zealand, Australia, Chile, and the Juan
Fernandez Islands, and is reported naturalized in

Hawaii, Ireland, and Oregon (Kirschner et al. 2002.

Juncus subg. Juncus sect. Graminifolii, in Species Plan-

tarum: Flora of the World, Vol. 7). In my experience it is

a common weed in disturbed ground and on freshwater

shores along the coast in southern Oregon. Naturalized

populations in Oregon and California are unusually

variable in habit. Plants a mere 1 cm tall can flower as an
annual. Most plants appear to be cespitose perennials 20-

50 cm tall, but careful excavation of some will reveal

elongated rhizomes.

Significance. First report for California, and likely to

be found elsewhere in the North Coast region.

—Peter F. Zika, WTU Herbarium, Box 355325,

University of Washington, Seattle, WA 98195-5325.

Zikap@comcast.net.

Idaho

Aliciella (Gilia) triodon (Eastw.) Brand (PO-
LEMONIACEAE).—Owyhee Co., southeast of Oreana
about 9 km west of where Oreana cutoff road crosses

Birch Creek and about 1 km southwest from there, in

ashy barrens with Eriogonum ochrocephalum, Tetradymia

glabrata, Eriogonum salicornioides, Artemisia spinescens,

and Atriplex confertifolia, 42 52.110'N 117 17.147'W,

1 130 m, 1 1 June 2006, D. Mansfield 06-42 (CIC).

Previous knowledge. Three-tooth gilia ranges from
southern California across southern Nevada, Utah, and
Arizona, to Colorado (J. M Porter. 1998. Aliso 17:230-

46; A. Day. 1993. Gilia, in J.C. Hickman, ed. Jepson

Manual. University of California Press, Berkeley).

Curtis Bjork reported collecting this same species in

this vicinity in 2005 (personal communication).

Significance. First report for Idaho.

Prenanthella exigua (A. Gray) Torr. (ASTER-
ACEAE).—Owyhee Co., east of Oreana in gravelly soil

with lacustrine subsoil with Artemisia spinescens and

Atriplex, T5S RIE SU, 800 m, 21 June 1978, R.

Rosentreter s.n. (CIC, UI; det. C. R. Bjork, 2002);

southeast of Oreana about 1/2 mi west of where Oreana
cutoff road crosses Birch Creek, in ashy barrens with

Eriogonum ochrocephalum, Tetradymia glabrata, Erio-

gonum salicornioides, Artemisia spinescens and Atriplex

confertifolia, 42^58.843"N 116 18.978"W, NAD 83,
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880 m, 11 June 2006, D. Mansfield 06-41 (CIC); about

10 mi west-southwest of Grandview on Oreana cutoff

road., in shadscale barrens with Tetradytuia glahrata.

Chrysothanmus viscidiflonis ssp. puberula, Cryptcmtha

spiculifera, Orvzopsis livuienoides, and Stan/eva piumita.

42°57.03"N H'6"17.88"W, NAD 83, 940 m, 2 July 2005,

D. Mansfield 05-386 (CIC).

Previous know/edge. Desert prenanthella (syn. Lygo-

desmia e.xigua (A. Gray) A. Gray) is a southwest desert

species known previously to extend to Washoe and
Humboldt Counties in Nevada (A. Cronquist. 1994.

Asteraceae, in A. Cronquist et al., eds. Intermountain

Flora. Vol. 5. New York Botanical Garden, Bronx. NY).
These collections are the basis for the USDA Plants

Database citation in Idaho (http://plants.usda.gov).

Significance. First report for Idaho.

POGOGYNE FLORIBUNDA Jokerst ( LAMIACEAE).

—

Ada Co., south of Boise, about one mile south of

Tenmile Creek and 3/4 mi west of Cole Road, near the

head of a rocky watercourse tributary to the main
watercourse in the area, growing between large basalt

cobbles paving the bottom of an ephemeral watercourse,

with Artemisia ludoviciana. Elymus cinereus, Tae-

niatheruni caput-niedusae, Rwnex crispus, Veronica per-

egrina, Deschanipsia dant/ionoides, Navarettia sp., and
Epilohiiini panicn/atum, area outside the watercourse has

burned and is dominated by a Bronius tectorumi

Sysimbrium altissimwn community. 23 May 2000, H.

Swartz 00HS03 (CIC, verified by D. Mansfield).

Previous knowledge. Profuseflower mesamint is a

Modoc Plateau species extending from northeastern

California to Klamath and Lake Counties in Oregon
(Oregon Plant Atlas; http://cladonia.nacse.org/platlas/

jclass/OPAJava20.htm). It was recently found in Mal-
heur County, Oregon.

Significance. First report for Idaho.

Utricularia gibba L. (LENTIBULARIACEAE).—
Custer Co., in Mays Creek bog, 23.5 road km south of

Stanley and 2 km south on Forest Service Rd. 210, just

west ofHwy 75, in standing water of Sphagnum bog with

Carex spp., Drosera anglica. Juncus spp., and Mimulus
primuloides. 44 01.170"N 114 51.538"W, NAD 83,

2090 m, 13 July 2007, M. Markin 0767 (CIC, verified by
D. Mansfield); and 6 July 2008, M. Markin 0801 (CIC).

Previous knowledge. Humped bladderwort is distrib-

uted widely in eastern North America and west of the

Cascade/Sierra/Coast Range crest from California to

British Columbia (USDA Plants Database, loc. cit.).

Significance. First report for Idaho and possibly for

the Rocky Mountains.

Eriogonum palmerianum Reveal (POLYGONA-
CEAE).—Owyhee Co., Bruneau Canyon downstream
from the mouth ofthe East Fork, in sedimentary deposits

of silt, sand, and clay along the river bank and scattered

basalt and rhyolite with Juniperus scopulorum and Celtis

reticulate. TIOS R7E S4 SE of SW, 970 m, 12 October
1980. L.C. Smithnmn with J.E. Smithman, B. Pierce, and
G. Pierce, LS-580 (CIC, verified by J. Reveal).

Previous knowledge. Palmer's buckwheat is distribut-

ed throughout the deserts of southwestern United
States extending into the northern Great Basin in

Nevada. (J. L. Reveal. 2005. Eriogonum, in Flora of
North America Editorial Committee, eds. Flora of
North America North of Mexico. Vol. 5. Oxford
University Press, New York, NY).

Significcmce. First record in Idaho. This early

collection is the basis for Idaho being cited in Flora

of North America (J. Reveal. 2005. loc. cit.). The
collection, originally identified as E. nidularium, was
attributed to this taxon during a review of herbarium
materials in preparation of the treatment of this genus

for the Flora of North America.

—Donald H. Mansfield and Melinda Markin,
Harold M. Tucker Herbarium (CIC), Department of

Biology, The College of Idaho, Caldwell, ID 83605.

dmansfield(a)collegeofidaho.edu.

Oregon

Prenanthella exigua (A. Gray) Torr. (ASTER-
ACEAE).—Malheur Co., fewer than 10 individuals on
west-facing, tan, chalky ash outcrop east of Owyhee
River north of Lambert Rocks, one mile south of Bogus
Creek with Caulanthus crassicaulis, Cryptantha propria,

Stanleya pinna ta, and Eriogonum novonudum, T29S
R41E'S5 NW '/4 NE 'A, 43^05. 13'N 117 42.65'W,
NAD 83, 950 m, 7 June 2002, D. Mansfield 02-220

(CIC, OSC; verified K. Chambers).

Previous knowledge. Desert prenanthella (syn. Lygo-
desmia exigua (A. Gray) A. Gray) is a southwest desert

species known previously to extend to Washoe and
Humboldt Counties in Nevada (A. Cronquist. 1994.

Asteraceae, in A. Cronquist et al. Intermountain Flora,

Vol. 5. New York Botanical Garden, Bronx. NY). No
plants were observed on a subsequent visit to this

location in 2005, though there was no precipitation on
the site until 1 1 March of that year, so this was an
unusual drought year in which we may not have
expected to see the population.

Significance. First report for Oregon. This collection

is the basis for Oregon being cited in Flora of North
America (K. L. Chambers. 2006. Prenanthella, in Flora

of North America Editorial Committee, eds. Flora of

North America North of Mexico. Vol. 19. Oxford
University Press, New York, NY).

PHYSARL4 coBRENSis (Rollins & E. A. Shaw) N. H.
Holmgren (BRASSICACEAE).—Malheur Co., on al-

kaline clay flats, 1.5 mi east of Anderson Crossing,

Guadalupe Meadows Quad, 42 7.113'N 117 16.434'W,

24 May 2002, H. Nielsen 2002383 (CIC); very few plants in

one pocket ofcrunchy, cracking clay loam with Artemisia

tridentata var. wyomingensis, Agropyron spicatum, Poa
secunda, Elynnis elymoides, Eriogonum ovalijolium, and
Delphinium on the southwest flank of Black Butte, west of

the road, Guadalupe Meadows Quad, T39S R47E S19
SW % SW 5680 ft, \ 6 June 2005, Jean Eindley JEl 199
(CIC); on a playa just north of Black Butte and northeast

of Anderson Crossing of West Little Owyhee River with

Wyoming sage, Poa secunda, Phacelia, Allium spp., and
Eriogonum ovalifolium, 42 11.672'N 1 17"12.264'W,

5540 ft, 12 June 2005, H. Nielsen 1041 (CIC, OSC);
northeast of Anderson Crossing with Poa sandbergii and
Eriogonum caespitosum, T39S R^41 E S22 SW %, 5500 ft, 7

June 1996, Jean Findley 691 (CIC).

Previous knowledge. This bladderpod (syn. Eequerella

kingii S. Watson var. cobrensis Rollins and Shaw) is

known previously from northern Washoe and Hum-
boldt Counties in northwestern Nevada and in eastern

Nevada and southeastern Idaho (N. H. Holmgren.
2005. Brassicaceae, in N. H. Holmgren, et al., eds.

Intermountain Flora. Vol. 2b. New York Botanical

Garden, Bronx. NY).
Significance. First reports for Oregon.
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Caulanthus crassicaulis (Torr.) S. Watson var.

GLABER M. E. Jones (BRASSICACEAE).—Malheur
Co., few plants on whitish, rocky, shallow outcrop

south of main road west of McDermitt, NV, with

Artemisia trideutata var. \vyoiningensis, winterfat, and
CastiHeJa, Bogliole Spring Quad, T41S R41E S12 SW
% SW '/4, 5060 ft, 15 June 2005, Jecm Findley JF1189
(CIC, OSC); few plants on whitish, rocky, shallow

outcrop south of main road west of McDemiitt, NV,
with Artemisia trideutata var. wvomingensis, winterfat,

and Casti/le/a, Boghole Spring Quad, T41S R41E S12
SW '/4 SW %, 5060 ft, 7 June 2005, Jean Fiudlev JF
1137 (CICOSC, verified by K. Chambers); few plants

on cracking clay loam, NV, with Artemisia trideutata

var. wyomiugensis, Pseudoroegueria spieata. Astragalus

curvicarpus, near Anderson Crossing, 16 June 2005,

Jean Fiud/ey JF 1198 (OSC, verified by K. Chambers).
Previous kuo'wiedge. This variety is known previously

from central Nevada and southwest into Utah and
Arizona (N. H. Holmgren. 2005 loe. eit.).

Siguifieauee. First reports for Oregon.

Eriogonum hookeri Torr. & A. Gray (POLYGO-
NACEAE).—Malheur Co., on white shaly outcrop with

A trip/ex coufertifolia and Oryzopsis Iiymeuoides about
3.5 mi upriver from Birch Creek on ash slopes and cliffs

north of Greeley Bar campsite on north side of river,

flowers creamy yellow, 43 12.61 5'N 1 17^32.620'W,
NAD 83, 865 m, 8 July 2004, D. Mausfield 04-329 nith

R. Staey (CIC, OSC); on the Owyhee River above
Greeley Bar about three miles upriver from Birch Creek,

on tan ash above Hot Springs camp with other annual
Eriogouuui spp. and Cheauactis spp.. The Hole in the

Ground Quad, 43"12.6'N 1 17 32.6'W, NAD 83, 914 m,
10 June 2002, D. Mausfield 02-358 with H. Kugler. H.

Nielseu, aud J. Loehrke, (CIC, verified by J. Reveal); in

Leslie Gulch north ofRunaway Gulch Road on road cut,

T26S R45E S17 NE 'A NW %, 28 August 2007, Jeau

Fiudley JF1240 (CIC). Both populations have been seen

regularly in subsequent years.

Previous kuowledge. Hooker's wild buckwheat is

known previously from throughout Utah and Nevada.
These collections are the basis for Oregon being cited in

Flora of North America (J. L. Reveal. 2005. Friogouum.
iu Flora of North America Editorial Committee, eds.

Flora of North America North of Mexico. Vol. 5.

Oxford University Press, New York, NY).
Siguifieauee. First reports for Oregon.

Astragalus tenellus Pursh (FABACEAE).—Mal-
heur, Co., on open flat gravels with xeric shrubs at entry

to mine site south of Spur Road into Opalite Mine,
14 mi NW of McDermitt, Nevada, T40S R40E S33 SW
'/4 SW '/4, 42 02.968'N 1 18 02.21 1'W, 5200 ft, 12 June

2007, Jean Fiudley 1239 (CIC).

Previous knowledge. Pulse milkvetch is widespread
from Minnesota to Utah, southeastern Idaho, the

Bonneville basin in Utah, and into Nevada, with a

disjunct population in northwestern Washoe County,
Nevada, having a wide ecological amplitude with both
high elevation and valley populations. (R. Barneby. 1989.

Fabaceae, iu A. Cronquist et al. Intermountain Flora,

Vol. 3b. New York Botanical Garden, Bronx. NY).
Siguifieauee. First report for Oregon.

Aliciella (Gilia) triodon (Eastw.) Brand (PO-
LEMON IACEAE).—Malheur Co., on hills north of

Rome on road to Crooked Creek, in barren, sandy
desert scrub with abundant weedy, annual flora and

Gilia leptomeria, Chaenactis stevioides, and Koelu'a

americana, 42^51.075'N 117 41. 151 'W, NAD 83,

1070 m, 31 May 2005, D. Mausfield 0523 (CIC, verified

by L. Johnson); about 50 km north of Rome between
Bogus Creek and Chalk Basin on the east side of the

Owyhee River on white, shaly, barren outcrop with

Stauleya pinuata, shadscale, Eriogonum uovonuduuu
Chaenactis macrautJia, Hymeuopappus, Caulanthus eras-

sieaulis, and Penstejuou miser., 43'05.235'N
117 42.432'W, NAD 83, 1000 m, 13 June 2005, D.

Mausfield 05195 (CIC); about 10 km north of Arock
between Jordan Valley and Rome, on white, shaly,

barren outcrop with Stauleya viridiflora, Eriophyllum,

Hesperostipa comata. Salvia dorii, and Astragalus

tetrapterus, T30S R42E S9 NW 'A SW %,
42 57.786'N 117 35.244'W, NAD 82, 1200 m, 13 June
2005, D. Mansfield 05193 (CIC, verified by L. Johnson);

Owyhee uplands, at Dry Creek Vi mile downstream of
confluence with Hurley Spring Creek, 24 air miles south
of Harper, common in gravelly swale on point bar in

shrub-steppe with Artemisia trideutata, Achnatherwu
hvmenoides, and Nauia densum var. parviflorum, T23S
R42E S34, 43 31.194'N 117 33.340', 1100 m, 22 May
2003, A^. Otting 524 (CIC, verified by L. Johnson);

about 6 km south of Rome on a bluff southeast of

Owyhee Springs near Owyhee River Cliffs on barren

soils with shadscale, Gilia iuconspieua. Salvia dorii,

Dalea, and Eriogonum ovalifolium var. purpureseens.,

42 47.508'N 117 35.973', NAD 83, 1200 m, 2 June
2005, D. Mausfield 0566 (CIC, verified by L. Johnson);

on hills north of Rome on road to Crooked Creek in

barren, sandy desert scrub with abundant weedy annual
flora and Gilia leptomeria., Chaenactis stevioides, and
Kochia americana, 42'51.075'N 117°41.15rW, NAD
83, 1050 m, 31 May 2005, D. Mausfield 0523 (CIC).

Previous knowledge. Three-tooth gilia ranges from
southern California across southern Nevada, Utah, and
Arizona, to Colorado (J. M. Porter. 1998. Aliso 17:230-

46; A. Day. 1993. Gilia, iu J. C. Hickman, ed. Jepson

Manual. University of California Press, Berkeley). The
populations collected in 2005 have not been seen in

these locations since 2005. That year Curtis Bjdrk

reported collecting this same species in southern Idaho
(personal communication).

Significance. First reports for Oregon.

DODECATHEON PULCHELLUM (Raf) Merr. ssp.

SHOSHONENSE (A. Nelson) Reveal (PRIMULA-
CEAE).—Malheur Co., about 4 km above Three Forks

of the Owyhee River by cliffs on the east bank of the river,

rooted in moss on a seeping cliff face with Viola

nephrophylla, Epilohium ciliatiim, Agrostis stolonifera,

and ^c'n//^/c^rfi7^/,T35SR45ES10SE 'A NW '/4,42°32'N

1 17 ir, NAD 83, 1 150 m, 12 July 2001, Z). MansfieldOl-

266 (CIC, verified by J. Reveal); at Three Forks of the

Owyhee River, T34S R45E S35, 4000 ft, 27 April 1982,

Roger Roseutreter2625 {C\C, verified by J. Reveal); north

of Hwy 95 at Crooked Creek Crossing between Burns

Junction and Rome on BLM land in alkaline swale

meadow with Juucus halticus, Crepis runciuata, Poa
nevadensis, and Potent ilia gracilis, T32S R41E S6,

42 48.3576'N 1 17 44.2938'W, NAD 83, 1050 m, 3 June

2004, D. Mansfield 04015 (CIC, verified by J. Reveal).

Previous knowledge. This large, alkaline, warm
springs subspecies of the common beautiful shooting

star is known from southern Idaho. These collections

are the basis for Oregon being cited in Flora of North
America (J. L. Reveal. In press. Dodecatheou, iu Flora

of North America Editorial Committee, eds. Flora of
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North America North of Mexico. Oxford University

Press, New York, NY).
Significance. First reports for Oregon.

Mentzelia congesta (Nutt.) Torr. & A. Gray
(LOASACEAE).—Malheur Co., 21 km southeast of

Rome, south of Burns Junction where Highway 95

crosses Crooked Creek, on alkaline, sandy flat just

south of Crooked Creek with Sarcohatus vennicnlatiis,

rabbitbrush, Thclypodiuni sp., Caniissonia hoothii ssp.

a/yssoides, Amarantluis spp., and Ahronia turhinata,

42°40.594'N 1 17' 51.888'W, NAD 83, 1900 m, 1 June

2005, D. Mansfield 05-43 (CIC).

Previous knowledge. The Ventana blazing star is

distributed in southwestern California in the Transverse

Ranges, through the east side of the Sierra Nevada, and
into western Nevada (B. Prigge. 1993. Loasaceae, in J.

C. Hickman, ed. Jepson Manual University of Califor-

nia Press, Berkeley).

Significance. Though this is cited as "rare in se.

Oregon and on the Snake River Plain of s. Idaho" (N. H.

Holmgren, et al. 2005. Loasaceae, in N. H. Holmgren et

al., eds. Intermountain Flora. Vol. 2b. New York
Botanical Garden, Bronx. NY), I have been miable to

find any records. This has apparently been collected

earlier in the 20th century by Morton Peck, but there is no
record in either the Oregon Plant Atlas of the Oregon
Flora Project or in Peck's Manual of Higher Plants of

Oregon (Binfords and Mort, 1941). This species has not

been seen at the site of this collection in the three years

since 2005, despite intensive searches.

POGOGYNE FLORIBUNDA Jokerst (LAMIACEAE).

—

Malheur Co., at a silver sage playa north of Bull Flat

between Toppin Creek and Owyhee River, Beaver

Charlie Breaks Quad, growing in playa bottom with

Artemisia cana, Scn-cobatus vermiculatus, Epilobiwn

torrevi, Plagiobothrvs cognatus, and Phacelia tliernialis,

T37S R48E S21 SW, 1560 m, 30 June 1999, D.

Mansfield 99-76 (CIC, verified by D. E. Boufford);

dry silver sage playa 1 7 plus km northeast of Anderson
Crossing, on grazed playa with Artemisia cana, Agoseris

heteropJivlla, Epilobium hrachvcarpiim, and Iva axillaris..

T37S R48E S21 SW, 42 20.493'N 1 17 06.084'W, NAD
83, 1560 m, 14 June 2003, D. Mansfield with W. Harvew
C. Davis, and E. Mansfield 03-220 (CIC).

Previous knowledge. Profuseflower mesamint is a

Modoc Plateau species extending from northeastern

California to Klamath and Lake Counties in Oregon
(Oregon Plant Atlas, http://cladonia.nacse.org/platlas/

jclass/OPAJava20.htm; USDA PLANTS Database,
http://plants.usda.gov). These collections are the basis

for the USDA Plants Database citation in Oregon
(http://plants.usda.gov).

Significance. This is a considerable range extension

from Lake County, OR. Other playas nearby have been
searched for this species during the past 9 yr to without
finding additional populations.

CoLLOMEi RENACTA Joyal (POLEMON IACEAE).—
Malheur Co., immediately south of Anderson Crossing
on the east side of the West Little Owyhee in dark
gravelly/sandy soils just above riverbank with Pseudor-
oegneria spicata and Basin Big Sage, Guadalupe
Meadows Quad, T40S R46E S3 SE 'A NW % NW
•A, 42 07.778'N 117 19.03rW, 5400 ft, 23 May 2002,
H. Nielsen 2002373 (CIC, verified by L. Johnson);
about 0.5 mi west of Anderson Crossing on a gravelly

southwest-facing hillside with Basin Big Sage and
Pseudoroegneria spicata, T40S R46E S4 NW % NE

Va NE '/4, 42 07.92 1'N 117 19.489'W, 5520 ft, 16 May
2002, H. Nielsen 2002331 (CIC, verified by L. Johnson);

dozens of plants in clay with fine gravels and some
rocks, east and adjacent to the road to Lucky Seven
Cow Camp, north of main road to Anderson Crossing,

with Artemisia longiloba, Sitanion hystri.x. Phlox boodii,

Lomatium spp., Eriogonum caespitosum.. and many
other annual/perennial forbs. Starvation Spring Quad,
T38S R44E S24 SW % SE %, 5540 ft, 27 June 2005, Jean
Findley JF1207 (CIC, verified by K. Chambers); east of

road to Lucky Seven Cow Camp and north of main road

to Anderson Crossing on slightly north-facing slope in

clay loams with fine gravels on surface, dozens of plants,

with Artemisia longiloba.. Sitanion hystrix. Phlox hoodii,

Lomatium spp., Eriogonum caespitosum, and many other

annual forbs. Chipmunk Basin Quad, T38S R44E S25
NE 'ANE 'A, 5600 n,28 }ime2005,Jean Eindlev,JE]209

(CIC, verified by K. Chambers).
Previous knowledge. Barren Valley collomia is en-

demic to southeastern Oregon. It was described from
populations in the Barren Valley of eastern Malheur
and western Harney counties. The range extends into

Elko Co. NV (L. Johnson and R. L. Johnson.

Systematic Botany 31:349-360).

Signif'cance. The collections reported here are range

extension from other known Barren Valley populations,

and serve as the basis for Malheur County citations in

the Oregon Plant Atlas of the Oregon Flora Project

(loc. cit.). The site of the largest population of this

species (Nielsen 2002373) has been quite variable during

the past five years with 50-60 individuals in 2004, 700 in

2005, 10 in 2006, 0 in 2007, and 282 in 2008.

Cryptantha gracilis Osterh. (BORAGINA-
CEAE).—Malheur Co., about five kilometers up the

Owyhee River above WaiTn Springs, at Three Forks
southwest ofJordan Valley, on green Leslie Gulch ash tuff

outcrop with rabbitbrush, Chenactis douglasii, Eriogonum
vimineunu and some blue bunch wheatgrass, 42 30.063'N

117 1 2.548'W, 1 200 m, 27 May 2007, D. Mansfield07089
(CIC); on barren hillsides northeast of the Owyhee River

Ford north of the Birch Creek Campground below
takeout about 1.5 km north of Birch Creek Ranch, on
ashy north-facing slopes at both the top of the ridge and
down the steep slope, 43 1 4.072'N 1 1 7 29.247'W, 990 m,
24 May 2007, D. Mansfield 07071b (CIC).

Previous knowledge. Slender cryptantha spreads from
southeastern California, across Nevada into southern

Utah and Arizona. It has been collected in Malheur
County, but only rarely so, and has been misidentified

as C. flaccida on occasion resulting in confusion.

Significance. The populations along the Owyhee River

are noteworthy in confirming the presence of this taxon in

Oregon. Though the range is not extended by these, the

species is sufficiently rare that these are noteworthy. See

Oregon Plant Atlas of the Oregon Flora Project {loc. cit. ).

Trifolium leibergii a. Nelson & J. F. Macbr.
( FABACEAE). Malheur Co., about 34 km south of

Jordan Valley and 16 km north o'f North Fork Camp-
ground on road to North Fork Owyhee Campground
and Three Forks two miles north of crossing back to

Idaho, on barren outcrops with Allium parvum, Perider-

idia bolanderi, Microseris nutans, Eriophyllum lanatum,

surrounded by mesic sage scrub with Idaho fescue, Poa
sandhergii, and squirreltail, 42 42.537'N 1 17 02. 703'W,
1500 m, 9 June 2005, D. Mansfield 05102 (CIC).

Previous knowledge. Leiberg's clover is known from a

few populations in the Independence Mountains and
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Jarbidge Mountains of northern Nevada with disjuncts

near Drewsey in Harney County, Oregon. (R. Barneby.

1989. loc cit.)

Significance. This collection near the Oregon-Idaho
border represents a connection between the disjunct

populations near Drewsey, OR and those in the

Independence Mountains in Nevada, separated by
about 200 km from each.

Elatine brachysperma a. Gray (ELATINA-
CEAE).—Malheur Co., in Antelope Creek drainage

6.5 km northeast to turnoff to Anderson Crossing en

route to Peacock Lake, about 32 km northeast of

McDermitt, NV, in muds of shore of small reservoir

with Downingia laefa, Veronica peregrina, Psilocarphus

brevissimns, Plagiobothrvs hispichdus, and Jimciis bufo-

nius, 42"19.63rN 1 17 36.099'W, 1650 m, 27 June 2006,

D. Mansfield 06-113 (CIC).

Previous knowledge. This plant is irregularly distrib-

uted throughout much of the western U. S.

Significance. This collection is a range extension from
other known populations.

Heteranthera dubia (Jacq.) MacMill. (PONTE-
DERIACEAE).—Malheur Co., at confluence of West
Little Owyhee River and Owyhee River, growing in

river about 0.5 km above Five Bar, Drummond Basin

Quad, T36S R47E S15 SW V,. 42 26.4'N 117 11.0'W,

1340 m, 10 July 2002, D. Mansfield 02-828 with H.

Kugler, H. Nielsen, cmd J. Loehrke (CIC); along Owyhee
River about 1.5 km upriver from Three Forks and just

below Warm Springs, in a pond created by high water

river channel with Potaniogeton strictifolius, P. nodosus,

P. alpinus, P. foliosus, Scirpus acutus, and Typhus
latifolia, 42"31.84'N 117°11.06'W, 1200 m, July 19

2006, D. Mansfield 06-222 (CIC).

Previous knowledge. Widely distributed but with few
records from the Intermountain West.

Significance. These collections in the Owyhee River

drainage are range extensions from Lake County
Oregon (Oregon Plant Atlas, loc. cit.) and the Modoc
Plateau in California (USDA Plants Database, loc cit.).

—Donald H. Mansfield and Melinda Markin,
Harold M. Tucker Herbarium (CIC), Department of

Biology, The College of Idaho, Caldwell, ID 83605.

dmansfield@collegeofidaho.edu.

Wyoming

Amphicarpaea bracteata (L.) Fernald (FABA-
CEAE).—Crook Co., headwaters of Middle Fork of

Hay Creek, Bear Lodge Mts., T54N R62W S7 and 17,

1298-1329 m. Growing on creek banks, terraces, and a

seasonally-flooded channel in a deep wooded valley, with

Pteridiwn aquilinum, Heracleuni sphondylium, Corylus

cornuta., Betula papyrifera. 25 Jun 2008, J. Larson 11253
(RM); same site, 30 Jul 2008, J. Larson 11336 (RM).

Previous knowledge. Widespread in eastern North
America, previously known from the southern Black

Hills, Pennington Co., South Dakota (Great Plains

Flora Association. 1977. Atlas of the Flora of the Great
Plains. Iowa State University Press. Ames, lA).

Significance. First record for Wyoming, a second
record for the Black Hills region.

Astragalus diversifolius A. Gray (FABA-
CEAE).—Sweetwater Co., Chain Lakes, Circle Bar Lake
and Mud Lake, Great Divide Basin, T23N R93W S4 and

5; T23N R91W S7 and 18; T23N R92 W 812 and 13;

T24N R95W S5 and 6; T25N R95W S33; 1981-2018 m.
Growing on alkaline meadows around playa lakes, with
Pyrrocoma lanceolata, Triglochin niaritima, Spartina

gracilis, Sporobolus airoides, Carex praegracilis. 30 Jun
2007, B. Heidel 2935 (RM); 1 Jul 2007, B. Heidel 2939
(RM); 4 Jul 2008, B. Heidel 3160, 3161 (RM, BYU),
confirmed by S. Welsh; same site, 24 Jul 2008, B. Heidel
and J. Larson 3181 (RM, BYU, NY), confirmed by S.

Welsh; same site, 26 Aug 2008, B. Heidel 3237 (RM).
Previous knowledge. First collected by Thomas

Nuttall on the 1834 Wyeth Expedition from "Sandy
plains of the Colorado of the West, near the sources of
the Platte", generally referring to the Green River
Basin, Wyoming, Nuttall s.n. (holotype at BM, isotypes

at GH, K, NY, PH). Also known from widely-

separated areas in east-central Idaho, southwestern

edge of the Salt Lake Desert in eastern Juab and
western Tooele Cos., Utah, and Spring Valley in

southern White Pine Co., Nevada (R. Barneby. 1964.

Atlas of North American Astragalus. Memoirs of the

New York Botanic Garden, Vol. 13, NYBG Press,

Bronx, NY; S. Welsh. 2007. North American Species of
Astragalus Linnaeus: a taxonomic revision. Brigham
Young University Press. Provo, UT; A. Tiehm. 1984.

Madrofio 31:123-127; J. Morefield. 2001. Nevada Rare
Plant Atlas, http://heritage.nv.gov/atlas/atlas.html; Ida-

ho Conservation Data Center. 2009. Idaho Special

Status Plants, http://fishandgame.idaho.gov/cms/tech/

CDC/plants/; Utah Native Plant Society. 2009. Utah
Rare Plant Guide, http://www.utahrareplants.org/).

Significance. First recent records for Wyoming, over

420 km from the nearest historic station in Bingham
Co., Idaho and over 450 km from Juab Siding in Juab
Co., Utah.

Carex foenea Willd. (syn. Carex aenea Fernald)

(CYPERACEAE).—Crook Co., headwaters of Middle
Fork of Hay Creek, Bear Lodge Mts., T54N R62W SI 7,

1262 m. Growing in a spring-fed, marshy opening in

deep, wooded valley, with Carex pellita, Salix bebbiana.

25 Jun 2008, B. Heidel and J. Larson 3141 (RM, MICH,
SDC), confirmed by A. A. Reznicek.

Previous knowledge. Widespread in northern North
America (J. Mastroguiseppe et al. 2002. Carex section

Ovales in Flora of North American Editorial Commit-
tee, eds. Flora of North America North of Mexico.

Vol. 23. Oxford University Press, New York, NY), in

northeastern South Dakota and more recently recog-

nized from the Black Hills in Custer Co., South

Dakota, 23 Jun 1998, J.R. Johnson 527 (SDC)
annotated by G. Larson. Previous reports of Carex

foenea for Wyoming (R. D. Dorn. 2001. Vascular

Plants of Wyoming, 3rd ed.. Mountain West Publish-

ing. Cheyenne, WY) were based on C. siccata Dewey.

Significance. First record for Wyoming, a second

record for the Black Hills region.

Carex intumescens Rudge (CYPERACEAE).—
Crook Co., headwaters of Middle Fork of Hay Creek,

Bear Lodge Mts., T54N R62W SI 7, 1256 m. Growing
at a spring and spring-fed wetland in a deep, wooded
valley, with Carex disperma, C. interior, C. vulpinoidea,

30 Jul 2008, B. Heidel 3202 (RM).
Previous knowledge. Widespread in eastern North

America, previously known from streams feeding out of

the crystalline core and metamorphic portions of the

central Black Hills in Custer and Pennington Cos.,

South Dakota (G. E. Larson and J. R. Johnson. 1999.
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Plants of the Black Hills and Bear Lodge Mountains.
South Dakota Agricultural Station, B732. Brookings,

SD). Previous unpublished reports of C intiimesceus in

Wyoming were based on a misidentification.

Siguificance. First record for Wyoming, a minor
range extension in the Black Hills region.

Carex scoparia Schkuhr ex Willd. (CYPERA-
CEAE).—Crook Co., headwaters of Middle Fork of
Hay Creek, Bear Lodge Mts., T54N R62W SI 7,

1280 m. Growing along an open sandy creek bank of
wet meadow vegetation in a deep, wooded valley, with
Agrostis stokmifera, G/yceria graiu/is, Scirpus micro-
carpus. 30 Jul 2008, /. Larson 11356 (RM, SDC),
confirmed by G. Larson.

Previous knowledge. Widespread in North America,
previously known from the Black Hills in Lawrence Co.
(Great Plains Flora Association. 1977. loc. cit.), Custer
and Pennington Cos. (SDC), South Dakota.

Significance. First record for Wyoming, a minor
range extension in the Black Hills region.

FlMBRISTYLIS PUBERULA (Michx.) Vahl var. INTERI-

OR (Britt.) Krai (CYPERACEAE).^Niobrara Co.,
Niobrara River, T31N R60W S7 and S18, 1445 m.
Growing in a broad, sub-irrigated wet meadow in open
plains, with Panicum virgatunu Ecpdsetum laevigatunu
Muhlenbergia richardsojiis, Elynws trac/iycaulus. Pedi-
cularis pulchel/a, 5 Aug 2006, B. Heidel 2875 (RM,
SDC), confirmed by G. Larson.

Previous knowledge. Known from southwestern,
central and southern Great Plains states including
Nebraska and Utah, previously known from Sioux
Co., Nebraska (R. B. Kaul et al. 2006. The Flora of
Nebraska. University of Nebraska Press. Lincoln, NE).

Significance. First record for Wyoming, a minor
range extension from Sioux Co., Nebraska.

Scirpus PENDULUS Muhl. (CYPERACEAE).—Con-
verse Co., Duck Creek, a tributary of the Cheyenne
River, T37N R73W S14, 1527 m. Growing in sub-
irrigated wet meadow between scattered cottonwood
groves in open plains, with Agrostis stolonifera,

Schoenoplectus pungens, Equisetum laevigatuni, Elynnis
trachycaulus, Juncus longistv/is, 1 5 Aug 2006, B. Heidel
2882 (RM, SDC), confirmed by G. Larson.

Previous knowledge. Widespread in eastern North
America, eastern Great Plains, southern states, Color-
ado, California and Oregon, previously known from
Boulder Co., Colorado Weber 5011 (CU), where
possibly a nursery escape (W. A. Weber and R. C.
Wittmann. 2001. Colorado Flora: Eastern Slope, 3rd
ed.. University Press of Colorado. Boulder, CO).

Significance. First record for Wyoming.

—Bonnie Heidel, Wyoming Natural Diversity
Database, Dept. 3381, University of Wyoming, 1000 E.
University Ave., Laramie, WY 82071; and Jill Larson,
Black Hills National Forest-Northern Hills Ranger
District, 2014 N. Main St. Spearfish, SD, 57783;
bheidel@uwyo.edu.

Mexico

Salvia brandegeei Munz (LAMTACEAE).—Baja
California, the bay of San Quintin, saddle and gentle

slopes on eastern side of volcano 'Riverolf—the most
northern of the cluster of volcanoes near N 30.489 10,

W-1 16.01684, 399 ft. 28 March 2008, Sula Vanderplank.
Jorge Oc/wa, Dylan Hannon and Duncan Bell 080328-14
(RSA); on sandy east- to northeast-facing hillside above
and west of the top of a prominent, steep, small rocky
vernal waterfall, on the east (inland) slope of the cone,
adjacent to the area where large-scale mining is taking
place near the summit. Growing with Hazardia
herberidis, Marah macrocarpa. Ephedra californica.

Artemisia californica, Lycium andersonii, Aesulus parryi.

Lasthenia californica, Oenothera wigginsii, Crassula
connata, Encelia californica, Helianthus niveus, Nema-
caulis denudata. Euphorbia misera, Dichlostemma pul-

chellum, Eriogonum fasciculatum, Amblyopappus pusil-

lus, Dudleya attenuata ssp. orcuttii, Mesembryanthemum
crystallinum, and Lastarriaea coriacea. This population
has approximately 130 plants and has probably already
been impacted directly by local mining activities.

Previous knowledge. The core range of S. brandegeei
is in coastal northwestern Baja California. Records
indicate that it occurs from the area near El Retiro
(between Punta Banda and Santo Tomas) in the north,
to Punta Colonet (Herbarium specimens: SD; RSA;
UCR; BCMEX; HCIB; P.A. Munz 1974, A Flora of
Southern California, University of California Press,

Berkeley). A disjunct northern population is known
from Santa Rosa Island (Averett, D. E., and K. R.
Neisess, in J. C. Hickman [ed.] 1993, The Jepson
Manual: Higher Plants of California, University of
California Press, Berkeley; P.A. Munz 1974, loc. cit.).

Significcmce. The collection from the bay of San
Quintin represents a southern range extension of ca
100 km from the nearest known population in Colonet.
Given the small number of plants and populations this

may represent a significant increase in the global
numbers for this species. Salvia brandegeei is considered
Rare, Threatened or Endangered in California and
elsewhere (list lb. 2) and has a global rank of G2
(California Native Plant Society (CNPS). 2008. Inven-
tory of Rare and Endangered Plants (online edition, v7-

08b). California Native Plant Society. Sacramento, CA.
Accessed on Jun. 7, 2008 from http://www.cnps.org/
inventory). Many of the plants are >2 m across and
appear senescent, with often a high proportion of dead
branches; few young plants were observed. Native sand
bees {Anthophora sp.) were seen visiting the fiowers
repeatedly. In addition to herbarium vouchers, live

material was collected as cuttings, one cutting from
each of approximately 50 individuals, to be grown at

Rancho Santa Ana Botanic Garden, and seed collection

is pending. It is hoped that, should this population
disappear from mining or other activity, some repre-

sentation of it will exist ex situ into the future.

—SuLA Vanderplank (sula.vanderplank@cgu.edu),
Duncan Bell, Rancho Santa Ana Botanic Garden,
1500 N. College Avenue, Claremont, CA 9171 1; Dylan
Hannon, The Huntington Library, Art Collections, and
Botanical Gardens, 1151 Oxford Road, San Marino, CA
91108; and Jorge Ochoa, Long Beach City College,

Pacific Coast Campus, 1 305 E. Pacific Coast Highway,
Long Beach, CA 90806 & City of Los Angeles Dept. of
Recreation and Parks, Forestry Division. 3900 West
Chevy Chase Drive, Los Angeles, CA 90039.
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Abstract

Fire has become more extensive in recent decades in southwestern United States arid lands. Burned
areas pose management challenges and opportunities, and increasing our understanding of post-fire

plant colonization may assist management decision-making. We examined plant communities, soils,

and soil seed banks two years after the 2005 Loop Fire, located in a creosote-blackbrush community
in Red Rock Canyon National Conservation Area in southern Nevada's Mojave Desert. Based on a

spring sampling of 20, 0.01 -ha plots, live + dead cover of the exotic annual Bronms riihens averaged

nine times lower on the burn than on a paired unburned area. Perennial species composition shifted

from dominance by late-successional native shrubs (e.g., Coleogyne ramosissima) on the unburned
area, to dominance by native perennial forbs (e.g., Sphaeralcea ambigua, Baileya miiltiradiata) on the

burn. Species richness of live plants averaged 26% ( 100 m- scale) and 239% (1 m- scale) greater on the

burn compared to the unburned area. Only 5% of Larrea tridentata individuals resprouted, compared
to 64% of Yucca schidigera and haccata. Fire and microsite (interspace, below L. tridentata, or below
Yucca) interacted to affect several 0-5 cm soil properties, with higher pH, conductivity, and total P
and K on burned Yucca microsites. Bromus rubens density in 0-5 cm soil seed banks was four times

lower on the burn, and its distribution among microsites reversed. Below-shrub microsites contained

the most B. rubens seeds on the unburned area, but the least on the burned area. Intense fire below
shrubs may have increased seed mortality, an idea supported by >3-fold decreases we found in

emergence density after heating seed bank samples to 100 C. Our study occurred after a post-fire

period of below-average precipitation, underscoring a need for longer term monitoring that

characterizes moister years.
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Wildfire has become widespread in southwestern
USA deserts. In a record 2005 fire season in the

Mojave Desert, for example, more than 385,000

hectares burned (Brooks and Matchett 2006). This
area represents approximately 3% of the entire

Mojave Desert. Fueled in large part by exotic

annual grasses, these fires burned desert shrub-

lands thought to have only burned infrequently

historically (Brooks 1999; Esque and Schwalbe
2002). Burns now occupy significant portions of
desert landscapes, posing prominent management

' Present address: Bureau of Land Management,
Cahfornia State Office, 2800 Cottage Way, Sacramento,
CA 95825.

-Present address: U.S. Army Corps of Engineers, 701
San Marco Blvd., Jacksonville, EL 32207.

challenges. In addition to such concerns as post-

fire soil erosion, burns pose challenges and
opportunities for meeting mandates of land

management agencies to manage for native species

and communities in areas such as national parks

and conservation areas. Fires in arid lands have

been cited to initiate a "grass-fire cycle," where fire

promotes resurgence of the exotic grasses that

fueled the fire to create a frequent-fire regime

(D'Antonio and Vitousek 1992). Such a fire cycle

threatens the sustainability of many fire-suscepti-

ble, infrequently regenerating native species, such

as Coleogyne rcimosissinia Torr. (Rosaceae) or

Yucca brevifolia Engelm. (Agavaceae). However,
just as in more mesic regions, deserts contain early

successional native species that might benefit from
fire (Cave and Patten 1984).
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Improving our understanding of plant coloni-

zation on desert burns is important for evaluating

future fire hazard, whether natural colonization

will meet management objectives for burned sites,

or for planning active revegetation if this becomes
a management goal. It is possible that opportu-

nities exist for intervention in the grass-fire cycle

immediately following a fire if exotic grass

competition is temporarily reduced while avail-

able nutrients liberated by the fire increase. This

time period may serve as a colonization window,
which is often a key feature of plant succession in

other regions. For example, periodic droughts
provided windows for colonization by underrep-

resented species during a 40-year permanent plot

study of succession in New Jersey (Bartha et al.

2003). The post-fire environment, together with

the frequent dry years characterizing desert

climates, may permit colonization by species not

dominant prior to fires (Lei 2001; Brooks 2002).

In addition to precipitation, two of the many
factors that may influence plant colonization are

soil seed banks and post-fire soil properties. Seed
banks can provide propagules of both native and
exotic species if emergence requirements are met
following disturbance (Warr et al. 1993). Seed
bank contributions to plant colonization after

wildfires hinge upon the density of seeds surviv-

ing fire, their germinability, and post-fire seed

deposition and dispersal (Lei 2001). Soil pH often

increases after fire through combustion of organic

acids or release of base cations. Correspondingly,

availabilities of some soil nutrients also frequently

increase initially post-fire (Raison 1979). On one
hand, pulses of nutrient availability, following

precipitation events, are considered important to

the functioning of native desert plant communities
(Noy-Meir 1973). On the other hand, exotic

species often respond with vigorous growth to

nutrient additions (James et al. 2006).

We measured plant communities, soil seed

banks, and soil properties during the second year

after the 2005 Loop Fire in the eastern Mojave
Desert. This burn occurred within a National
Conservation Area and encompasses a popular
tourist and recreation site. The fire burned within

and spread across a scenic loop road that receives

900,000 visitors annually (Bureau of Land
Management, Las Vegas Field Office, Las Vegas,

NV). The area is regarded as a symbol of the

""natural"' desert landscape surrounding metro-

politan Las Vegas, Nevada. Resource managers
are concerned about post-fire succession in

relation to aesthetics, native community recovery,

future fuel loads, and if or how active revegeta-

tion should be a management goal. Our objec-

tives were to (1) compare plant species richness,

composition, and soil properties between the

burn and a matched unburned area, (2) assess

resprouting of burned dominant native shrubs,

and (3) assay soil seed bank composition and

experimentally test responses of seed bank
samples to the fire cues of heat and smoke.

Methods

Study Site

This study occurred inside the Loop Drive area
of Red Rock Canyon National Conservation
Area, managed by the Bureau of Land Manage-
ment and located 15 km west of the western Las
Vegas suburbs in Clark Co., southern Nevada.
Precipitation at the Spring Mountain Ranch State

Park weather station, 7 km south of the study site,

has averaged 30 cm/yr (range = 6-61 cm/yr,

coefficient of variation [CV] = 45%) during a

1977-2008 period of record (Western Regional
Climate Center, Reno, NV). January daily mini-

mum temperatures have averaged — 1°C (range =
— 6 to 2'C, CV = 12%), and July maximum
temperatures have averaged 36^C (range = 33-

38 C, CV = 2%). We studied the 348-ha Loop
Fire, which started from a lightning ignition on
July 22, 2005. Maximum temperature on this day
was 38 C, and erratic winds gusted up to 80 km/hr
during the fire. Typical flame heights were >2 m
and flame lengths were >6 m (Troy Phelps,

Bureau of Land Management, personal commu-
nication). Fire managers also noted that the fuel

provided by exotic annual grasses facilitated

ignition of native shrubs and allowed the fire to

burn continuously across the landscape. The fire

left fewer than five unburned islands, all <1 ha in

size, within the burn perimeter.

We matched an unburned area immediately

adjacent to the west of the burned area that was
similar in climate, soils, and vegetation. Based on
plot sampling described below, mean elevation of

the burned area (1274 m) differed by 54 m from
the mean elevation of the unburned area ( 1 220 m).

Soils on the burned and unburned areas were

both mapped in the county soil survey as >90% of

the 731 (Purob-Irongold association) and 732

(Purob extremely gravelly loam) types (Lato

2006). These soils are classified as Typic and Calcic

Petrocalcids, have alluvium parent material de-

rived from limestone, and occur on fan piedmont
landforms. Based on identifying resprouts and
burned shrub skeletons on the burned area, both

the burned and unburned areas were similarly

dominated by Coleogyne ramosissima. Yucca

schidigera Roezl ex Ortgies (Agavaceae), Yucca

haccata Torr. (Agavaceae), and Larreci tridentata

(DC.) Coville (Zygophyllaceae).

Plot Sampling

We overlaid a square grid of 315 ha encom-
j

passing 9 1% of the irregularly shaped burn and

randomly located ten 10 m X 10 m (0.01 ha) plots

within the grid using randomly selected coordi-
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nates in a geographic information system. We
located 10 plots in the adjacent unburned area

using the same method but in a square grid of

130 ha that the site would accommodate. Each
plot contained six, 1 m X 1 m subplots located at

the four plot corners and centered at 5 m along

the southern and northern plot boundaries. We
visually categorized areal percent cover of each

live perennial species and of live and dead annual

species rooted in each subplot using Peet et al.'s

(1998) cover classes: 1 = trace (assigned 0.1%), 2

= 0-1%, 3 = 1-2%, 4 = 2-5%, 5 = 5-10%, 6 =
10-25%, 7 = 25-50%, 8 = 50-75%, 9 = 75-95%,
and 10 = 95-100%. We measured both live and
dead annuals to provide a measure of the recent

annual communities on plots. Dead annuals

(especially the exotic grasses) also provide the

fuel that allows fire to spread between perennial

plants. We quantified measurement reproducibil-

ity in subplot data by remeasuring a total of three

randomly selected subplots on three different

plots. Species richness/m- was identical in original

and repeated measurements. The maximum
difference in cover class between original and
repeated measurements was one class. We inven-

toried whole plots for species not already

occurring in subplots and categorized cover of

these species on a whole-plot basis. Plants not

able to be readily identified to species in the field

were collected, pressed, and identified to species

when possible. Six vegetative specimens, which
occurred on only one plot each, could not be
identified to species or genus and were deleted

from the data set. Nomenclature, classification of
species life forms (e.g., shrub, forb), longevity

(e.g., annual, perennial), and native/exotic status

in North America followed the PLANTS data-

base (USDA 2007).

We counted the number of individuals of each
shrub species on each plot. On a 10 m X 40 m
(0.04 ha) plot originating at each 10 m X 10 m
plot, we further counted the number of Larrea
tridentata. Yucca baccata, and Yucca schidigera

individuals and classified them into one of four

categories: unburned alive, burned but crown
survived, resprout, or dead (Rogers and Steele

1980).

We collected soil and soil seed bank samples
from three interspaces (>1 m from any shrub)
and from below the canopies of three each of the

largest Larrea tridentata and Yucca spp. {Y.

baccata or Y. schidigera) adjacent to each plot. In

the shrub microsites, we collected a 200-cm^ soil

and a 200-cm^ seed bank sample (cores 7 cm in

diameter) halfway between the main central stem
and the outer canopy edge on both the north and
south sides of each shrub. Samples were collected

from a 0-5 cm depth, which could include a litter

layer (only the below-shrub microsites contained
appreciable litter) only for the seed bank samples.
We included litter as part of the 0-5 cm seed bank

sampling depth because litter can trap seeds

(Warr et al. 1993). We chose this depth for both
soil and seed bank sampling because upper soils

become hottest during fire and may more
strongly reflect post-fire differences than deeper
layers (Raison 1979; Patten and Cave 1984). This
depth also includes the highest density of viable

seeds in desert seed banks and is a maximum
depth from which most seeds can emerge or reach

emergence depth (Guo et al. 1998). We compos-
ited soil and seed bank samples on a plot basis for

each of the three microsite types. This resulted in

a soil volume of 1200 cm^ each for soil and seed

banks for each microsite type on each plot. We
also collected separate 200-cm^ samples from
each microsite for measuring soil bulk density (2-

mm sieving followed by drying at 105 C for

24 hr).

Sampling occurred in 2007 (two years post-fire)

in spring (April-May), the time of peak annual
plant community growth in the Mojave Desert

(Beatley 1966). We did not collect soil seed bank
samples during what is considered the optimal
time (fall or early winter just prior to germination
of winter annuals) in this region. However, as

only 6 cm of precipitation fell (as opposed to the

long-term average of 23 cm) from September
2006 through March 2007 prior to sampling,

emergence of annual plants was limited. There-
fore, depletion of soil seed banks through field

germination should not have been a major factor

affecting the detection of seeds in the greenhouse
soil seed bank assay.

Soil Laboratory Analysis

The air dried, <2-mm fraction of soil samples
was analyzed for texture (hydrometer method),
electrical conductivity and pH (1:1 soikwater),

total C and N (Leco C/N analyzer), and
extractable P and K (Olsen NaHC03 method)
following methods in Amacher et al. (2003).

Measurement error, based on analyzing a dupli-

cate sample every 10 samples and comparing
original and duplicate means, ranged from 0.2%
(electrical conductivity) to 6.8% (total N).

Soil Seed Bank Experiment

We assessed responses of seed bank samples to

simulated fire exposure in a factorial experiment
consisting of heat (two levels: presence or absence
of 100 C heating) and liquid smoke (two levels:

presence or absence of 10% smoke). Treatments
were performed on 240 cm^ soil volumes extract-

ed from microsite/plot composite samples. We
conducted heating treatments by placing samples
in tins in an electric oven. Samples remained in

the oven until the soil reached lOO'C for one
minute, which required about 10 min, at which
time samples were removed from the oven. We
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monitored temperature using a probe accurate to

0. r C and placed directly in the soil. The soil

cooled to 65 C within five minutes of being

removed from the oven and to 45 C within

10 min. We chose the 100 C treatment to be
within the temperature range previously reported

to occur in upper soil layers during burns in the

Sonoran and Mojave Deserts (Patten and Cave
1984; Brooks 2002). For smoke only samples and
after heating for heat X smoke samples, we
applied 120 ml (diluted to 10% smoke by volume
using tap water) of commercially available liquid

smoke (Wright's Brand, Roseland, NJ) to each
sample. Liquid smoke contains the same butanol

compound contained in air smoke that can affect

germination in some species (Flematti et al.

2004). The non-smoke samples received 120 ml
of tap water not containing liquid smoke.

After applying treatments, we placed each

sample in a 2 cm thick layer on top of 300 cm^
of sterile potting soil in 700-cm^ square plastic

pots. We randomly arranged these pots, including

six pots containing only potting soil to check for

seed contamination (none was detected), on a

bench in a greenhouse. This greenhouse did not

receive supplemental lighting and was maintained
at approximately 28 C during the first three

months (summer) of the emergence period and
17 C during the last three months (fall). Samples
were watered by an automated misting system

that delivered approximately 1.5 cm of water/day.

We conducted periodic (at least monthly) inven-

tories during a six-month emergence period; 93%
of the total number of emerging seedlings

emerged within the first 10 d. We also checked
samples every 1-2 d to monitor for potential mass
mortality between inventories, which we did not

detect.

Data Analysis

Statistical inference is limited to the particular

fire that we studied (van Mantgem et al. 2001).

We compared live, dead, and total mean cover of
Bronuis ruhcns L. (Poaceae), a fuel-producing

exotic annual grass, and community species

richness (per m- and per 100 m-) between the

burned and unburned area using two-tailed t-

tests. Findings can change based on the scale of

analysis for species richness, which is why we
examined effects of fire at two different scales.

Based on species importance values for live

vegetation for each plot, we ordinated species

composition using non-metric multidimensional

scaling (Sorensen distance, thorough mode) in

PC-ORD (McCune and Mefford 1999). We
calculated importance values as the average of
relative frequency (based on six subplots per plot)

and relative cover (with percent cover calculated

as the midpoint of a cover class). We tested the

hypothesis of no ditTerence in live plant species

composition between burned and unburned areas

using multi-response permutation procedures
(Zimmerman et al. 1985). We based this analysis

on Sorensen distance and performed it in PC-
ORD. To examine the fidelity of live species with
burn status, we performed indicator species

analysis (Dufrene and Legendre 1997) using

species importance values and a Monte Carlo
test of significance (1000 permutations). Indicator

species analysis combines the relative abundance
and frequency of a species within a group to

produce an indicator value that ranges from zero

(no fidehty) to 100 (maximum fideUty). We
analyzed univariate soils data as a split-plot

analysis of variance (ANOVA) with burn status

as the whole-plot factor and microsite (inter-

space, below Lcnrea, or below Yucca) as the

subplot factor using JMP (SAS Institute 2004).

Tukey's test was used for mean separation.

Bronius rubens comprised 92% of seeds in the

seed bank experiment, so we focused the statis-

tical analysis on this species. LoglO transformed
B. rubens seed counts were modeled using a

mixed-model ANOVA (SAS PROC MIXED;
REML) with burn status, microsite, heat, smoke,
and all two-, three-, and four-way interactions as

fixed effects (SAS Institute 1999). This was a

partially nested design, so plot nested within burn
status and its two- and three-way interactions

with microsite, heat, and smoke were treated as

random effects.

Results

Relative to longer lived species, live annual
cover was low in the unburned area and both live

and dead annual cover was low in the burned
area. Live annuals averaged only 0.05% (SD =
0.09%) cover in the unburned area (0.4% of the

15% total mean live plant cover), and 0.6% (SD
= 0.6%) in the burned area (27% of the 2% total

mean live plant cover). Total mean cover of

Bronms rubens was nine times lower in the burned
than in the unburned area, a difference driven by
significantly greater (t = -5.32, P < 0.001) dead
cover in the unburned area (Fig. 1). Although
live cover was sharply lower than dead cover in

both areas, live B. rubens cover was significantly

greater (t = 3.09, P = 0.006) in the burned area

relative to the unburned area.

Species richness of live plants was 3.4 times

greater at a 1-m- scale and 26% greater at a 100-

m- scale in the burned area compared to the

unburned area (Fig. 2). Exotic annuals in the

burn comprised 50% of richness/m-, but this

percentage declined to 18% of richness/ 100m-.

Only 7% of richness at both scales in both the

burned and unburned areas consisted of native

annuals. Native perennial forbs constituted 34-

35% of richness at the two scales on the burn,

compared to 2-13% on the unburned area.
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Fig. 1. Areal cover of Bronuis riiheus on a burned and unburned area. Red Rock Canyon National Conservation
Area, Mojave Desert. Error bars are one standard deviation for total cover. Total mean cover was compared
between the burned and unburned areas using a two-tailed t-test.

Conversely, native perennial shrubs composed
76-79% of richness in the unburned area and
only 5-30% in the burned area.

Species composition differed sharply between the

burned and unburned areas (Fig. 3). Importance of

Coleogyiie rcunosissima and Yucca baccata was
positively correlated with unburned plots in the

ordination. In contrast, species associated with

burned plots included the native perennial forbs

Sphaeralcea amhigua A. Gray (Malvaceae), Erio-

gomim inflatwn Torr. & Frem. (Polygonaceae),

and Baileya multircuUata Harv. & A. Gray ex A.
Gray ( Asteraceae), the perennial grass Dcisyocliloa

pulchella (Kunth) Willd. ex Rydb. (Poaceae), and
the exotic annuals Erodium cicutcirium (L.) L'Her.

ex Aiton (Geraniaceae) and Broinus ruhens.

Consistent with the ordination results, average
Sorensen similarities among burned (53%) and
unburned plots (47%) were about four times

greater than the average similarity between burned
and unburned plots (12%). This difference in

species composition between the burned and
unburned areas was significant based on multi-

response permutation procedures (T statistic =
— 12.1, chance-corrected within-group agreement
A statistic = 0.27, P < 0.001).

Distributions of individual species also reflect-

jed differences between burned and unburned
I species composition (Fig. 4). Twelve species

constituted 71-78% of all relative cover. Based
on indicator species analysis, six of these species

were significant (P < 0.05) indicators for the burn
and three for the unburned area.

Resprouting varied between measured shrub
species, with only 5% of burned Lcirrea tridentcita

resprouting compared to 64% of burned Yucca
{baccata and schic/igera: Fig. 5). No measured L.

tridcntata and only 3% of Yucca in the burned
area had crowns that survived the fire. Although
we did not measure dead Colcogyuc raiuosissiiua

in the burned area, we found live individuals

(three mature individuals presumably avoided by
the fire) in only one plot on the burned area and
no resprouts. In comparison, live C. ramosissima

density averaged 4,560/ha (SD = 3,041) in the

unburned area.

Several soil properties differed significantly

among microsites and between the burned and
unburned areas (Table 1 ). There was a burn X
microsite interaction for four properties (pH,

conductivity, P, and K) because the Yucca
microsite contained higher levels in the burned
than in the unburned area compared to the other

microsites. Total C varied both with burn status

and microsite, being greater on the burn. Total N
was higher in Yucca microsites than in interspaces

but did not differ overall between burned and
unburned areas. Soil texture did not differ

significantly among microsites or between burned
and unburned areas.

In the seed bank experiment, seed density of

Bromus rubens reversed among microsites with

burn status, resulting in a significant burn X
microsite interaction (F2,36 = 47.6, P < 0.001).

Seed density was greatest below shrubs on the

unburned area, but interspaces contained the

most seeds on the burn. Heat also was a

significant effect (F,j8 = 101, P < 0.001) that

sharply reduced the density of emerging seeds.

Therefore, results for the three-way interaction of
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Fig. 2. Plant species richness on a burned and unburned area. Red Rock Canyon National Conservation Area,

'

Mojave Desert. Error bars are one standard deviation for total mean richness. Total mean richness was compared
between the burned and unburned areas using a two-tailed t-test. i

burn status X microsite X heat (F2,36 = 1 1.5, P <
0.001) are presented in Fig. 6.

Discussion

Study Assumption and Context

An assumption of this study is that differences

between burned and unburned areas result

primarily from the fire and not from pre-existing

vegetation or environmental differences. The
adjacent burned and unburned areas demonstrat-
ed a priori similarity in mapped soil type (Lato

2006) and dominant vegetation type. Plot sam-

pling corroborated this similarity, with mean'

elevation differing by only 54 m, soil texture

nearly identical differing by only 1-2% in sand,

silt, or clay (Table 1), and similar dominant
shrub composition. Pre-existing Larrea tridentata

density was probably higher in the burned area

(Fig. 5). Because of this, we did not statistically

compare post-fire L. tridentata density between

burned and unburned areas, as instead we
focused on the proportion of burned individuals;

that resprouted.
|

Annual precipitation was 134% of average in

2004 preceding the fire and 169% of average in

the fire year of 2005. These high-precipitationi
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Fig. 3. Non-metric multidimensional scaling ordination of plant species composition on a burned and unburned
area. Red Rock Canyon National Conservation Area, Mojave Desert. The lengths of vectors are proportional to

correlations with ordination axes, and only vectors with r- values > 0.3 are shown. Vectors for species are

abbreviated as the first three letters of the genus and species: BAIMUL = Baileya nndtiradiata, BRORUB =
Bromus ruhens, COLRAM = Coleogyne ramosissima, DASPUL = Dasyochloa pulcheUa, EPHNEV = Ephedra
nevadensis, ERIINF = Eriogoniim inflatunh EROCIC = Erodium cicutarium, KRAERE = Kramen'a erecta,

SPHAMB = Sphaeralcea ambigua, and YUCBAC = Yucca bciccata. Vectors for soils are shown as microsite

(int = interspace, It = Larrea tridentata, yuc = Yucca spp.) and variable (C = total carbon, EC = electrical

conductivity, K = potassium, and P = phosphorus).

years resulted in accumulation of annual plant

biomass flammable after senescence (Brown and
Minnich 1986). Precipitation has been below
average since the fire, averaging 65% of average
in 2006 and only 14% of the January-May mean
in 2007 up to the sampling time for this study
(Western Regional Climate Center, Reno, NV).
Annual plant production has been negligible

I

since the fire, and our results may be different

I had different weather patterns occurred after the

fire. This observation underscores a need for

I

longer term monitoring, particularly given the

,

high interannual variability characterizing Mo-
jave Desert climates (Beatley 1966).

Bromus rubens

Total mean cover (live + dead) of Bromus
rubens was sharply lower on the burned than the

unburned area (Fig. 1). Furthermore, B. rubens
density in the soil seed bank of the burn was only
28% of the density on the unburned area (Fig. 6).

Seed density also reversed among microsites, with

greater density in interspaces in the burn but

greater density below shrubs in the unburned
area. Below-shrub microsites, where B. rubens is

most abundant aboveground in unburned areas,

likely burned more intensively due to greater fuel

accumulation than in interspaces (Brooks 2002).

This intense burning probably killed seeds, an
idea supported by results of our experimental

100°C heating that sharply reduced emergence
from samples. It is important, however, to

determine temperature thresholds for seed mor-
tality of B. rubens in comparison with other

species. If B. rubens has a higher or lower

threshold, this could influence its ability to

exclude other species after fire. We detected 12

species other than B. rubens in seed bank samples,

but the low abundance of these species (only 8%
of the total seeds detected) precluded making
these comparisons.

Our finding that Bromus rubens was reduced

after fire concurs with Brooks (2002), who found
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Fig. 4. Mean relative cover and indicator values (top of bars and only given for species that were significant

indicators at P < 0.05) of the 12 most dominant species on a burned and unburned area. Red Rock Canyon
National Conservation Area, Mojave Desert. ASTSPP = Astragalus spp., BAIMUL = Baileva multiradiata,

BRORUB = Bromus ruheus. COLRAM = Coleogyne ramosissima, r>ASPUL = Dasyochha pulchella. ENCVIR =
Eucelia virgincnsis, EPHNEV = Ephedra uevadensis, ERIINF = Eriogonwu iuflatimu EROCIC = Erodium
cicutariiinu SPHAMB = Sphaeralcea anihigua, YUCBAC = Yucca baccata, and YUCSCH = Yucca schidigera.

that B. rubens biomass declined after prescribed

fires at three Mojave Desert sites. In that study,

B. rubens was significantly decreased for four

years after fire in shrub microsites and for two
years in interspaces. Other studies have reported

varying patterns of B. rubens abundance after

fire. For example, no clear trend in cover of this

species was apparent in a 1 37 yr time-since-fire

chronosequence in the northeastern Mojave
Desert (Callison et al. 1985). Similarly, Cave
and Patten (1984) found that post-fire B. rubens

abundance varied between wildfire and pre-

scribed fire in the upper Sonoran Desert. As
Brooks and Matchett (2003) note, longer terni

patterns of post-fire B. rubens abundance can
hinge upon climate, disturbance (e.g., grazing).

and other factors. It is unclear how much time is

needed after wildfire for B. rubens to return to

pre-fire levels, or which combinations of factors

(e.g., native community composition, soil prop-

erties) could result in higher or lower post-fire B.

rubens abundance.

Native Perennial Species Composition

Although resprouts of perennial shrubs cur-

rently contribute little to plant cover on the burn,

this contribution may increase over time as

existing resprouts grow, particularly for Yucca

bciccata and scludigera. Our finding that these

two Yucca species vigorously resprout concurs

with Minnich's (1995) findings in Joshua Tree
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Fig. 5. Density of Larrea tridentata and Yucca spp. {schidigera and haccata) on a burned and unburned area, Redj

Rock Canyon National Conservation Area, Mojave Desert. Error bars are one standard deviation for total

mean density.
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National Park in the southwestern Mojave
Desert, where 80 84% of Yucca schiciigera

resprouted after fire. The relatively low (5%)
proportion of resprouting for Larrca tridentata

that we recorded is lower than Minnich (1995:

17%) and two studies in the Sonoran Desert

(Rogers and Steele 1980: 23%; McLaughlin and
Bowers 1982: 37%). This proportion is similar,

however, to Brown and Minnich's (1986) 3%
resprout frequency at another site in the Sonoran
Desert. Differences in resprouting frequency

among studies could be related to differences in

fire intensity, site factors (e.g., soils, prevalence of

herbivory), or climate (O'Leary and Minnich
1981; Gibson et al. 2004). Our study site also was
situated near the upper elevational limit for L.

tridentata, possibly limiting resprouting com-
pared to other studies.

Relative to the unburned area, fire converted a

late-successional shrub community dominated by
high cover of Coleogyne vaniosissiina to a

community with the perennial cover component
dominated by forbs. Dominant native perennials

colonizing the burn, such as Baileya midtiradiata,

Sphaeralcea amhigua, Eriogomuu inflatunu and
Dasyochloa pidchella, have previously been re-

ported as colonizers after fire or other distur-

bances (e.g., road abandonment, land clearing).

For example, B. nndtiradiata exhibited a density

1.7 times greater than the next highest species

(among 35 species) one year after fire in the upper
Sonoran Desert (Wilson et al. 1995). Similarly, S.

anihigua, the most abundant perennial on the

burn in our study, had the third highest density

among all burn colonizers in Wilson et al.'s

(1995) study. Brooks and Matchett (2003) found
that these two species also had greater cover on
burned than unburned areas in the Mojave
Desert. Fifty to seventy years after agricultural

field abandonment at 20 sites in the eastern

Mojave Desert, Carpenter et al. (1986) found that

cover of 5*. amhigua was three times greater on
abandoned fields than off field. Dasyochloa
pidchella and E. inflatum also had greater cover

on disturbed than undisturbed areas in Mojave
Desert studies of succession on a cleared borrow
pit (Vasek 1983) and a pipeline corridor (Abella

et al. 2007). These observations suggest that the

major native perennial colonizers of the burn in

our study are early colonizers of several distur-

bance types.

Colonization Windows and
Revegetation Approaches

Brooks (2002) proposed that reduced Bromus
rubens immediately following fire may offer a

colonization window for actively revegetating

native species on desert burns. Although the

effectiveness of this window may depend on
precipitation, we found that several native

perennials colonized the burn even during the

period of below-average precipitation character-

izing our study. Despite this colonization, total

live native plant cover remained more than seven

times lower on the burned than the unburned
area. Although active revegetation (e.g., seeding)

can be expensive and prone to failure (Lovich and
Bainbridge 1999), managers may wish to attempt

revegetation of desert burns for several reasons.

Revegetation may improve aesthetics, reduce

fugitive dust, increase animal forage, and provide

competition with exotic plants (DeFalco et al.

2007). Based on several studies, natural reestab-

lishment of late-successional species such as

Coleogyne raniosissinui or Larrea tridentata will

require long time periods, often longer than 30 yr

and possibly longer than 100 yr (Callison et al.

1985; Lei 1999; Lovich and Bainbridge 1999). A
potential concern about reestablishing these late-
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successional shrubs is that B. rubens is most
abundant below their canopies, facilitating fuel

accumulation (Brooks 2002). Therefore, reestab-

lishing these shrubs may need to occur in

combination with B. ruheus control treatments.

A complementary approach to test, in addition to

revegetating with late-successional species, could

be augmenting establishment of early colonizing

native species (e.g., Baileyci nniltiradiata and
Sphaeralcea aiuhigua). In a Mojave Desert

seeding study, B. multiradiata established at a

density of 3 plants/m-, second most among 12

seeded species (Walker and Powell 1999). If

native species could be established in a post-fire

colonization window, this early successional

vegetation type can persist for more than 30 yr

(Carpenter et al. 1986; Abella et al. 2007).

Although these species are not thought to form
the fertile islands most conducive to B. rubens

establishment, it is unclear whether this vegeta-

tion type can depress B. rubens resurgence. In

combination with experiments, longer term mon-
itoring of natural post-fire colonization patterns

may provide insight into these types of practical

questions. However, short-term data on initial

colonization patterns such as provided by this

study also are crucial, as managers often must
plan revegetation activities soon after a fire.
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Abstract

I investigated the individual and joint effects of simulated herbivory and interspecific competition

on survival of Coleogyne ramosissima Torr. (blackbrush) seedlings. Seeds of C. rainosissima and
Bromus rubens L. (red brome grass) were collected at mid-elevations (1220 to 1770 m) of the Spring

Mountains in southern Nevada. A pot trial experiment was conducted for six months (27 wk) in a

controlled environmental greenhouse. This trial experiment, consisting of a 2 X 2 factorial design with

simulated rodent herbivory and interspecific competition with B. ruheus as the main effects, resulted in

four treatments. Herbivory on C. ramosissima by heteromyid and non-heteromyid species of rodents

was simulated by clipping the top 3 cm of young shoots. Significant interaction was detected between

herbivory and competition for C. ramosissima seedling survival. When herbivory and competition

were examined independently, both factors had significant adverse effects on C. ramosissima seedling

survival, with the former having greater negative effect than the latter. Results of this study suggest

that simulated rodent herbivory and B. rubens competition limited survival independently, and that a

combination of herbivory and competition caused synergistic reductions in C. ramosissima seedling

survival. Understanding the role of herbivory and plant competition in reducing survivorship of

seedlings is crucial to the management and regeneration of C. ramosissima shrublands in the Mojave
Desert.

Key Words: Bromus rubens, Coleogyne ramosissima, competition, herbivory, seedling survival,

southern Nevada, Spring Mountains.

Herbivory and competition from plant neigh-

bors are two major biotic factors that determine

the growth, survival, and reproduction of plant

individuals, and subsequently the abundance of

plant populations (Harper 1977; Crawley 1983;

Gurevitch et al. 2000; Hamback and Beckerman
2003). Field and greenhouse studies further

suggest that manipulation of herbivore and plant

neighbor densities frequently have synergistic

effects on plant performance (Hainback and
Beckerman 2003). Plants growing at high density

can be water and nutrient stressed, and therefore

easily succumbs to herbivores (Mattson and
Haack 1987; Karban et al. 1989; Maron 2001).

As a result, plants stressed by overcrowding that

are attacked by herbivores often suffer greater

reduction in survival compared to plants dam-
aged by herbivores growing free from competi-

tors (Parker and Salzman 1985; Maron 2001).

Seedlings incur considerably higher mortality

than juveniles or adults in most plant popula-
tions, with both herbivory and plant competition

proposed as being iinportant mechanisms causing

seedling death (Maron 1997). Previous research

studies have suggested that single biotic factors

are usually inadequate and unlikely to fully

explain community structure (Pickett et al.

1987; Myster and McCarthy 1989). Herbivory
can alter competitive interactions, while compe-

tition can alter the ability of seedlings to respond

to herbivory (Hjalten et al., 1993; Maron 2001).

Once plant tissue has been lost to herbivory,

seedhngs may suffer from reduced competitive

abilities (Hendrix 1988). This effect of herbivory

may subsequently lead to increased seedling

mortality or decreased seedling growth (Meiners

and Handle 2000). Herbivory and competition

may function in synergistic ways to affect plant

survival, with seedlings more likely than adults to

suffer this negative interaction (Crawley 1983;

Meiners and Handel 2000).

Coleogyne ramosissima Torr. (blackbrush) is a

shrub from the Rosaceae plant family that grows

in the transition zone between warm and cold

deserts of southern California, southern Utah,

southern Nevada, northwestern Arizona, and
southwesteni Colorado of the United States

(Meyer and Pendleton 2005). It is found at 760

to 1980 m in elevations, ranging from 0.3 to 1.2 m
in height (Lei 1995). Coleogyne ramosissima often

forms dense, nearly monospecific stands at mid-

elevations (1200 to 1500 m) in the Mojave Desert

of southern Nevada, bounded by Larrea triden-

tata-Ambrosia dumosa (creosote bush-white bur-

sage) shrublands below and by Pinus monophylla-

Junipers osteosperma (pinyon pine-Utah juniper)

woodlands above on desert mountain slopes (Lei

1995; Lei and Walker 1997).
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In southern Utah and Nevada, Coleogyne
rainosissuna seedling mortality due to herbivory

most often involves rodents, consisting of both
heteromyid and non-heteromyid species (Meyer
and Pendleton 2005). Herbivory from rodents

was primarily at the cotyledon and young
seedling stages. In a field experiment conducted
in southern Utah, rodent herbivory, including

Dipodomys spp. (kangaroo rats) has an adverse

impact on C. ramosissima seedlings (Meyer and
Pendleton 2005). Dipodomys niicrops (chisel-

toothed kangaroo rat), D. nierriami (Merriam's

kangaroo rat), and D. deserti (desert kangaroo
rat) were commonly found at C. ramosissima

shrublands of southern Nevada (Beatley 1976).

Establishment success of C. ramosissima seedlings

was a consequence of the interplay of rodent

herbivory and abiotic factors (Meyer and Pen-

dleton 2005). Herbivory is a factor, but drought
was the primary factor, resulting in a combina-
tion of low precipitation, low soil moisture, as

well as high air and soil temperatures (Meyer and
Pendleton 2005).

Interspecific competition occurs within shrub-

lands between shrubs and annual grasses that

differ in life history traits, including life cycles

and growth patterns (Florentine and Fox 2003).

Annual grasses can use soil moisture and mineral

nutrients faster than perennial shrubs (Jackson

and Roy 1986). The intensity of interspecific

competition with Bromus ruhens L. (red brome
grass) at different densities on survival of C.

ramosissima seedlings has been observed using

greenhouse experiments (Lei 2006). In general, C.

ramosissima shrub seedlings do not compete well

with adjacent B. ruhens when seedlings emerged
simultaneously with B. rubens (Lei 2006). In

mixed cultures of two species involving C.

ramosissima and B. rubens plants, the survivor-

ship and growth characteristics of shrub species

are heavily dependent on the density and time of

emergence of adjacent herbaceous species (Lei

2006).

Bromus rubens was introduced into the western

United States from southern Europe during the

mid-nineteenths century, but did not spread into

the Mojave Desert until the early twentieth

century (Burcham 1975; Hunter 1991; Lei 2006).

Most likely the introduction of B. rubens with low
forage value was unintentional (Newman 1991).

Bromus rubens invaded springs, roadsides, and
disturbed areas of the Mojave Desert during

1920''s; it was not common, however, until after

1950 (Hunter 1991; Lei 2006). Bromus is common
in some locations around 1575 to 1970 m in

elevation at the Nevada Test Site of southern
Nevada (Hunter 1991; Lei 2006). Bromus rubens

is often a codominant or subdominant herba-

ceous species in C ramosissima communities of
southern Nevada and southern California (Beat-

ley 1966; Newman 1991).

The individual effects of rodent herbivory and
B. rubens competition on C. ramosissima survival

have been documented (Meyer and Pendleton
2005; Lei 2006, 2008). Nevertheless, the interac-

tive effects of herbivory and competition on
survival of young C. ramosissima seedlings

remain poorly understood. Do herbivory and
competition have independent or synergistic

effect on C. ramosissima seedling survival? In

this study, I report results of a greenhouse
experiment designed to assess the extent to which
simulated rodent herbivory through clipping and
interspecific competition with B. rubens individ-

ually and jointly affected C. ramosissima seedling

survival.

Methods

Seed Collection and Germination

Coleogyne ramosissima and B. rubens seeds

were collected during July and August 2007 in the

Spring Mountains (36 N 09'W, 115°N 43'W;
elevation 1220 to 1770 m) of southern Nevada.
From casual observations, flattened, wrinkled,

punctured, or empty (potentially inviable) seeds

of both species were discarded in the field. A total

of 500 C. ramosissima and 1000 B. rubens seeds,

along with their corresponding field soils from
the upper 10 cm, were collected initially from C.

r(://;7o.vm7>7z<:/-dominated shrublands. Approxi-
mately half of all seeds were randomly collected

from the soil surface, while the remaining half

was randomly collected from 312 C. ramosissima

and 1815. rubens plants. Potentially viable seeds

were transported to a biology laboratory at

Nevada State College (NSC) for storage.

Seeds were placed at room temperature (22°C)

for 4-5 mo prior to conducting the pot trial

experiment. Coleogyne ramosissima and B. rubens

seeds were stored at 4 C for two and six weeks,

respectively, in the dark (dry-chilling) to obtain i

maximum germination (Newman 1991; Pendle-
\

ton and Meyer 2004; Lei 2006). During the

germination period, 20 seeds of the same species '

were placed between two layers of germination i

blotters moistened with tap water inside a 10-cm .1

diameter Petri dish. Petri dishes were placed in ;

transparent zip-loc bags in a cool chamber, and i

water was added as necessary to maintain i;

moisture of blotters during incubation. Coleogyne i

ramosissima seeds were incubated at 4°C, while B. 1

rubens seeds were incubated at 22°C in the dark. 1

Germination occurred between 2-3 wk for C. l

ramosissima, and occurred within two weeks for

B. rubens.

Experimental Design and Statistical Analysis
i

One greenhouse experiment, consisting of a i

2x2 factorial design with simulated rodent
|
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herbivory through clipping and competition

with B. rubens as the main effects, resulted in

four treatment groups: 1) herbivory, 2) compe-
tition, 3) presence of herbivory and competition,

and 4) absence of herbivory and competition

(control). This experiment was designed to assess

the extent to which simulated rodent herbivory

and interspecific competition with B. rubens

influenced survival of young C. ramosissima

seedlings. The clipping and competitive treat-

ments were designed to simulate biotic stresses

confronting C. ramosissima seedlings in nature.

The density of B. rubens (4 individuals) in the

pots was moderate, and was within the range of

natural variation in the field. On the average,

there were fewer than three C. ramosissima

seedlings per square meter in the field (Lei

personal observation). Clipping, in some instanc-

es, may not fully duplicate natural herbivory

(Fowler and Rausher 1985), but is probably a

good simulation of the feeding damage caused by
Dipodymis spp. In the field, Dipodymis spp.

commonly consume the aboveground shoots,

leaving only a small piece of the main stem
projecting above ground. The appearance of a

defoliated and a clipped seedling were therefore

similar (Fowler and Rausher 1985). The timing

and severity of the clipping treatment corre-

sponded to the timing and severity of defoHation

in nature (Lei personal observation).

Five-week old C ramosissima seedlings and
three-week old B. rubens seedlings were planted

into 65 mm diameter, 350 mm tall, cone-shaped
containers (pots) in the greenhouse of southern

Nevada. There were 120 individuals of C.

ramosissima in each of the four treatment groups
for a total of 480 seedhngs. Each pot contained

only one C. ramosissima seedling for a total of

480 pots. Each pot also consisted of one-third of

perlite and two-thirds of natural field soil,

thoroughly mixed, without adding fertilizers in

order to maintain a low soil fertility level. Perlite

was used to improve aeration and drainage (Lei

2004, 2006).

Prior to planting, C. ramosissima seedlings

were allocated by size to various experimental

treatments, so that no single treatment had
disproportionally large or small seedlings. Pots

were very lightly moistened with tap water for

27 wk (six months), simulating natural changes in

soil moisture in the field from late fall through
late spring season. Initially, seedlings were
watered every 4-5 d for the first three weeks,
and thereafter watered every 7-9 d until the end
of the pot trial experiment. During the course of
study, light and air temperature regime resembled
winter and spring weather conditions in C.

ramosissima shrublands at mid-elevations of
southern Nevada. For instance, mean monthly
minimum and maximum air temperatures in

winter were -2.1°C and \2A°C, respectively.

and in spring were 1.9 C and 22.7 C, respectively.

Mean photoperiods were approximately 10:55 h

light: 13:05 h dark in winter and approximately
12:50 h light: 11:10 h dark in spring (Lei personal

observations).

The experiment commenced in early December
2006. Initially, 480 C. ramosissima seedlings were
planted in the center of pots, with only one
seedling per pot. At this time, half of all seedlings

(240 pots) were randomly selected to experience

competition with B. rubens, while the remaining
half had single C. ramosissima seedlings only. In

each of the 240 pots selected for the competitive

treatment, four individuals of B. rubens were
planted on the periphery with a single C.

ramosissima in the center. Twelve weeks later

(early March 2007), exactly half of 240 pots (120

pots) containing B. rubens were randomly select-

ed to simulate herbivory through clipping (her-

bivory-competition interaction group), while the

remaining half had C. ramosissima seedlings

continually grown together with B. rubens
(competitive treatment group).

Also, in early March 2007, exactly half of the

240 pots (120 pots) containing single C. ramo-
sissima seedlings were randomly selected to

simulate herbivory (herbivory treatment group).

The remaining 120 pots containing C. ramosis-

sima seedlings without exposure to herbivory and
competition served as a control population
(control group), and were used to compare
individual and interactive effects of herbivory

and competition on seedling survival.

To determine whether there were interactive

effects of herbivory and competition on C
ramosissima seedling survival, the top 3 cm of

young shoots were clipped only once. Young
shoots were removed with scissors. Scissors were
sterilized in 70% isopropyl alcohol between
clippings in order to minimize pathogen spread

among C. ramosissima seedlings. Survivorship of

clipped seedlings was then observed and recorded

15 wk later. The entire greenhouse experiment

was six months in duration, and I terminated this

experiment in early June 2007.

Survivorship of C. ramosissima seedlings was
assessed based on the presence of green leaves

and growing shoots. The status of all experimen-

tal treatments was classified into two categories:

alive or dead. Surviving seedlings exhibited net

growth, while dead seedlings exhibited no growth
with brittle, dark-brown leaves several weeks
after planting into a pot.

The proportion of C. ramosissima seedlings

that survived six months after simulated rodent

herbivory and B. rubens competition was com-
puted. Log-linear analysis (Analytical Software

2007) was performed to assess individual and
interactive effects of herbivory and competition

on seedling survival. Statistical significance was
determined at P < 0.05.
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Table 1. Survivorship of Young C. ramosissima Seedlings, Along with Results of Log-Linear
Analysis (Chi-square) Showing Simulated Rodent Herbivory Through Clipping and Interspecific
Competition with B. rubens Using a Greenhouse Experiment (n = 120 Per Treatment Group in Each
Variable). Survivorship was based on six month (27 wk) for four treatments. Statistical significance is determined
at P < 0.05.

Variable Survival proportion (%) Chi-square P-value

Control 75.0

Competition treatment 65.0 4.62 0.0317

Herbivory treatment 38.3 37.87 <0.0001
Herbivory by competition interaction 21.6 45.88 <0.0001

Results

Mortality of C. raiuosissiiua seedlings occurred

in the absence of simulated rodent herbivory

through clipping and interspecific competition

with B. rubens (control group) (Table 1 ). How-
ever, C. ramosissiiua seedlings in the control

group had a substantially higher survivorship

than those that grew with B. ruhens and/or those

that experienced simulated herbivory (Table 1).

When herbivory and competition were exainined

independently, C. ramosissima seedling survivor-

ship was significantly reduced in herbivory pots

compared to herbivory-free pots (Table 1). Sim-

ilarly, seedling survivorship was significantly

reduced in competition pots compared to com-
petition-free pots (Table 1). Herbivory had a

larger adverse impact on C. ramosissima seedling

survival than did interspecific competition, de-

spite the fact that seedlings were tall and robust

before experiencing simulated herbivory.

There was a significant herbivory-by-competi-

tion interaction for C. ramosissima seedling

survival, with the lowest survivorship occurring

in the presence of herbivory and competition and
the highest in the control group (Table 1 ). The
presence of B. rubens significantly decreased the

ability of C. rubens seedlings to survive following

simulated herbivory (Table 1). Seedling survivor-

ship was only 21.6% after 15 wk of clipping

(Table 1). Regardless of treatments, all seedlings

without true photosynthetic leaves died, while the

majority of resprouting seedlings and seedlings

with true leaves survived.

Discussion

This study demonstrated that simulated rodent

herbivory and interspecific competition with B.

rubens independently decreased the probability of

C. ramosissima seedling survival, with the former

having a larger adverse effect than the latter. The
interactive effect of herbivory and competition on
seedling survival was best described as synergis-

tic. Synergistic effects on C. ramosissima seedling

survival were more important as they showed
effects beyond simple addition of herbivory and
competition.

Growth and survival often decline tremen-
dously as multiple stresses are imposed on plants,

especially seedlings (Saunders and Puettman
1999). The ability of herbivory and competition

to determine seedling survival is well-established

(Meiners and Handel 2000). Seedling recovery

from herbivory is hypothesized to decrease with

increasing plant competition (Saunders and
Puettmann 1999). Field and greenhouse experi-

ments further suggest that manipulation of

herbivore and plant neighbor densities frequently

have synergistic effects on plant growth and
survival (Hanback and Beckerman 2003). In this

study, survivorship of C. ramosissima seedlings

showed an interaction between the effects of

simulated herbivory and B. rubens competition.

The effects of a given level of herbivory are

expected to depend on the competitive environ-

ment of the plants experiencing the herbivory

(Fowler and Rausher 1985).

Herbivory largely defines C. ramosissima seed-

ling survival. Herbivory determines if plant

competition can occur because it acts as a filter

for future competitive interactions (Myster and
McCarthy 1989). Competition may subsequent

affect seedling growth if surviving an initial

herbivore attack (Myster and McCarthy 1989).

In this study, a number of C. ramosissima

seedlings did not survive simulated rodent

herbivory; those seedlings that survived generally

suffered from reduced competitive abilities. Nev-
ertheless, some C. ramosissima seedlings over-

came the long-term effects of herbivory by
resprouting in a field experiment conducted in

southern Utah (Meyer and Pendleton 2005).

Results of this study depart from the tradi-

tional ""single mechanism" view of community
dynamics and succession (Connell and Slatyer

1977), and are consistent with a multi-model view

of herbivory and plant competition acting in

concert (Menge and Sutherland 1976; Myster and
McCarthy 1989). Seedlings are often the demo-
graphic stage that is most susceptible to mortality

from biotic stress compared to juvenile and adult

stages (Maron 1997; Meiners and Handel 2000).

In this study, the effect of herbivore attack on
survivorship depended heavily on whether seed-

lings were experiencing interspecific competition,
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and the effects of competition on survivorship

also depended heavily on whether seedlings were

experiencing herbivory attack. Thus, my results

caution against attempts to assign a primary role

to either herbivory or plant competition alone.

Research studies that focus on herbivory or plant

competition in isolation can result in incorrect

prediction of community or population trajecto-

ries (Meiners and Handel 2000). Such studies

may grossly underestimate the importance of

herbivory and competition in structuring plant

communities, thus leading to inappropriate man-
agement recommendations (Meiners and Handel
2000).

This greenhouse study largely reflected the

moderate levels of rodent herbivory and inter-

specific competition of C. ramosissmia seedlings

with B. rubens in the field. A strong relationship

exists between experimental set-up and field

conditions because rodents typically browsed
the top few centimeters of young C. rauiosissinui

shoots during early first spring season (Meyer
and Pendleton 2005), leaving only a small piece of

the main stem projecting above ground. Conse-
quently, there was a substantial drop in seedling

number from mid-March through mid-April due
to rodent predation events (Meyer and Pendleton

2005). Coleogyne ramosissima seedlings were
simultaneously competing with B. rubens for

limited resources. Previous research studies have
shown that B. rubens substantially limited C.

ramosissima seed germination and seedling survi-

vorship (Meyer and Pendleton 2005; Lei 2006). In

the absence of B. rubens competition, C. ramo-
sissima seedling survivorship increases substan-

tially (Lei 2006). Therefore, the greenhouse
experiment conducted in this study likely cap-

tured important herbivory and competition
mechanisms prevalent in the field.

In addition, from a perspective of C ramosis-

sima shrubland management and regeneration,

the invasiveness of B. rubens is relatively new to

the Mojave Desert. Coleogyne ramosissima re-

production has always been episodic. Mast
fruiting is an evolutionary strategy to reduce the

impact of seed predation and herbivory. The new
pressures of B. rubens competition, along with the

concurrent dramatic increase in fire frequency
present a new threat to the persistence of the C.

ramosissima shrubland. This experiment demon-
strates that B. rubens competition may further

reduce the frequency of episodic recruitment of
C. ramosissima in the Mojave Desert.
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Abstract

In the 150 years since their introduction to the state, species in the genus Eucalyptus have become
the most common non-native trees in California. A clearer understanding of the ability of different

species to reproduce in the state is important for how we monitor the ecological impact of these

abundant non-native trees and for predicting possible future invasions. Here we present current data

on the diversity of Eucalyptus in California, which species are spontaneously reproducing, or have the

potential to do so, where they can be found, how they can be identified, and our analysis, based on
herbarium and field observations, of the potential ecological impacts of various species in the

locations where they have been introduced. We also present a new dichotomous identification key,

and botanical drawings of all naturalized species. We discuss the degree to which factors such as life

history traits, commonness of planting, and native range influence reproductive behaviors of different

species.
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The genus Eucalyptus L'Her. (Myrtaceae)
includes some of the most important solid timber

and paper pulp forestry trees in the world
(Doughty and Places 2000). They have also

become the most abundant, ecologically success-

ful, and controversial exotic trees in California.

Species in the genus were first imported into the

state as early as the mid 1850s, to be grown
initially as horticultural oddities for the nursery

trade, then later as a promising fiber source and
possible savior of a forecasted timber drought
(Butterfield 1935; Santos 2006). By 1880, a

number of species, but primarily E. globulus

Labill. (Fig. lA), were being extensively planted

for lumber, pilings and posts, fuel wood, medic-
inal products, tannin, oil, windbreaks, and as

street and park trees (Groenendaal 1983). As the

California forestry and fuel economy evolved

many of the thousands of hectares of Eucalyptus

plantations remained uncut, and parts of the state

are now bearing the ecological legacy of this vast

unharvested crop.

Since the time of its initial introduction into

Cahfornia, the genus was promoted by various

agents including private landholders, commercial
firms, and state and federal agencies. The
planting craze that took place around the turn

of the last century, the enthusiasm of certain

individuals in high-profile state public office, and
biomass fuel experimentation by the U.S. De-
partment of Energy and the Cahfornia Depart-
ment of Forestry following the 1973 Arab oil

embargo have all significantly helped propagate
the genus in the state. The prevalence of eucalypts
in California is more the result of large scale

intentional plantings than it is the result of
extensive naturalization. Needless to say, these

species, mostly E. globulus, have become contro-

versial in the regions where they are now
conspicuous features of the landscape. There are

many popular articles containing the most
emotive writing, much of which is based loosely

at best on scientific observation, regarding the

various impacts of eucalypts on California's

landscapes and wildhfe. They are admired as

erosion control, wildhfe habitat, and aesthetically

valuable landscape and heritage trees or demon-
ized as America's largest, most fire prone, most
dangerous, bird killing, weeds (Bulman 1988;

Wilhams 2002).

The genus, which contains more than 700
species, according to the most recent formal

classification (Brooker 2000), is almost entirely

endemic to the Australian continent with a small

number of species occurring natively in the

southern Philippines, New Guinea and parts of

Indonesia (Williams and Woinarski 1997). Euca-
lypts exhibit a great range of adaptation to

different moisture conditions (Boland and Hall

1984), and they rival other large tree genera (i.e.,

Ficus, Piuus, Quercus) in having great diversity in

mature tree size. Species range from small multi-

stemmed shrubs (mallees), to some of the tallest

and largest forest trees on earth. In fact, the

putative tallest angiosperm in North and South
America is a 75.05 m (246.2 ft) E. globulus off the

coast of California, on Santa Cruz Island (Steve

Sillette personal communication, Humboldt State

University).

A great number of species, representing the

gamut of diversity in the genus, have been
introduced into cultivation in California over

the last 150 yr. The correct identification of

Eucalyptus species in cultivation is often difficult.
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Fig. i. Illustrations of fruits and buds of: A. Eucalyptus globulus subsp. globulus {Howell 32582, CAS). B.

Eucalyptus caiuaklulemis {Sanders 21982, CAS). C. Eucalyptus fastigata {Ritter 345, OBI). D. Eucalyptus citriodora

{Eastwood s.iL, CAS 45201). All size bars = 1 cm.

but is essential for studying the potential of
different species to become invasive. The bark,

leaves, and reproductive structures are greatly

varied and at times all need to be examined for

accurate identification (Pryor 1976; Brooker and
Kleinig 1996). Many species retain the dead bark
year after year, giving rise to a trunk covered in a

hard, weathered, outer layer (e.g., E. sideroxylou

A. Cunn. ex Woolls), while others annually

decorticate, resulting in a completely smooth
trunk (e.g., E. citriodora Hook. = Corymbia
citriodora (Hook.) K. D. Hill & L. A. S.

Johnson). Eucalypts are definitively heterophyl-

lous, with juvenile leaves that differ from adult

leaves in phyllotaxis, shape, petiolation, and
glaucousness (Jacobs 1955). Juvenile leaves are

commonly sessile, decussate, glaucous, oriented

horizontally, discolorous (dorsiventral) and often

cordate, orbicular, or ovate in shape, whereas

adult leaves tend to be petiolate, alternate,

glabrous, pendulous, lanceolate, and concolorous

(isobilateral) (Coppen 2002).

As in most genera, the defining aspects of

Eucalyptus are in the reproductive structures. The
flowers of only a small number of species develop

singly in leaf axils (e.g., E. globulus), while more
commonly they develop in 3-, 7-, 9-, 11-, etc.

flowered umbels (intact inflorescences always
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Fig. 2. Illustrations of fruits and buds of: A. Eucalyptus polyantheuios (Tn issc/nianu 18559^ CAS). B. Eucalyptus

kitsouiaua (Ritter 263, OBI). C. Eucalyptus couferruminata {McClintock s.n., CAS 994288). D. Eucalyptus pulcliella

(Kawaliara 800, CAS). All size bars = 1 cm.

have odd numbers of flowers) or heads. Individ-

ual umbels may develop singly or paired in leaf

axils (e.g., E. cctnuildulensis Dehnh., Fig. IB and
E. fcLstigata H. Deane & Maiden, Fig. IC) or in

branched axillary or terminal panicles (e.g., E.

citriodorci. Fig. 1 D and E. polycmthenios Schauer,

Fig. 2A). Individual flowers, which are often

small, white, and inconspicuous in the tree crown,
have either one or two bud caps (opercula)

derived from the fused petals and/or sepals. In a

number of species (mostly subgenus SyrnpJiyo-

myrtus (Schauer) Brooker) the outer bud cap,

derived from united sepals, sheds early in the

development of the flower, leaving a diagnostic

ring-like scar around the middle of the inner bud
cap. The inner bud cap is shed at anthesis,

exposing numerous spreading stamens. The
inferior ovary is sunken in and fused to the

hypanthium (invaginated pedicle) wall. After

fertilization, when the stamens and the style fall

from the flower, the ovary develops into a woody

capsule with valves dehiscing at the top, allowing

tiny, wind-dispersed seeds to be shed (Slee et al.

2006).

There have been a number of past treatments

of cultivated and naturalized eucalypts in Cali-

fornia. In Eric Walther's 1928 key to the species

grown in California, he included 99 distinct

species, known to be growing in the state at the

time (not necessarily naturalized however), and
made mention of over 100 others (Walther 1928).

Three species, E. polyanthemos, E. globulus, and
E. tereticornis Sm., were treated in Munz's 1959

flora of California, and a number of other

commonly planted species including E. siderox-

yloiu E. viiuinalis Labill., and E. ccunaldiilensis

have been listed as naturalized in the floras of

various regions and counties (Howell 1958; Munz
and Keck 1959; Howell 1970; Beauchamp 1986;

Thomas 1991; Smith and Wheeler 1992; Junak et

al. 1995; Moe et al. 1995; Matthews 1997; Best et

al. 2000). The two most commonly planted
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eucalypts in California, E. globulus and E.

camaldulensis, are treated in the California

Invasive Plant Inventory Database (California

Invasive Plant Council 2006-2009) with invasive

ratings of moderate and limited respectively. In

the most recently published state flora, The
Jepson Manual: Higher Plants of California, nine

species were included as naturalized (McClintock
1993). Since this 1993 volume, new observations

of eucalypt naturalization have been made and
those discoveries are reported here.

In order to further elucidate the status of the

genus in California, we have generated a database

of all, or nearly all, past and current collections of

Eucalyptus in the state's many arboreta, botanical

gardens, experimental forestry sites, and other

public and private plantings. We report here our
results and interpretations from many hours of

field observations, herbarium study, and plant

collection throughout the state. We present

current data on the diversity of Eucalyptus in

California, which species are spontaneously
reproducing, or have the potential to do so,

where they can be found, how they can be
identified, and our analysis of the potential

ecological impacts of the various species where
they have been introduced. When monitoring
new plant invasions and potential invasions,

correct species identification is paramount. For
this reason we have included a new key to species,

notes on identifying morphological characters,

and approximate distributions of naturalized

species in California. It is our hope that this

paper can act as a guide to the most commonly
found naturalized eucalypts for field botanists,

land managers, landscape architects, horticultur-

alists and silviculturalists, as well as anyone
wishing to learn more about the genus in our
state.

Methods

From 2003 to 2008, the authors visited and
studied the Eucalyptus collections in herbaria

throughout the state including, the University of

California and Jepson Herbarium (UC, JEPS),

the California Academy of Sciences (CAS), the

Chico State Herbarium (CHSC), the U.C.
Riverside Herbarium (UCR), the San Diego
Natural History Museum (SD), the Hoover
Herbarium of California Polytechnic State Uni-

versity, San Luis Obispo (OBI), the Cheadle
Center for Biodiversity and Ecological Restora-

tion (UCSB), and the Santa Barbara Botanical

Garden Herbarium (SBBG). In addition, field

observations and collections of Eucalyptus were
made from stands and small plantings of multiple

species in 31 of California's 58 counties, including

all coastal counties with the exception of Del

Norte County. Morphological data and planted

ranges for the species notes and key were based

on field observations of living specimens and
construction of the key was accomplished by
conventional means.

For all sites observed, the level of reproduction
was gauged based on the number, if any, of
spontaneously occurring new individual trees

(from seed, not stump sprouting). In order to

determine naturalization the number of young
trees (those that were clearly not planted) in the

area of adult trees were counted, distances from
original introduction sites were approximated,
sapling juvenile leaves were visually inspected for

proper identification, and saplings were pulled

up, with the root included, for herbarium
vouchers. Species were considered naturalized if

new propagules met the criteria defined by
Richardson et al. 2000 (species establishes new
self-perpetuating populations, undergoes dispers-

al, and becomes incorporated into resident flora).

Where it was relevant, sapling age was deter-

mined by main stem growth ring analysis by
cutting the main trunk and counting the growth
rings in the cross section. We also noted any
observations made on herbarium vouchers of

collections being made from apparently repro-

ducing or clearly reproducing stands.

We also visited living Eucalyptus collections at

many of California's botanical gardens, arboreta,

publics parks, university campuses, and private

collections including the Huntington Botanical

Gardens (San Marino), the University of CaH-
fornia Botanical Garden (Berkeley), the Stanford

University campus (Palo Alto), Golden Gate
Park and Strybing Arboretum (San Francisco),

Balboa Park (San Diego), the Los Angeles

County Arboretum (Arcadia), U.C. Davis Arbo-
retum (Davis), U.C. Riverside Botanical Garden
(Riverside), Fullerton Arboretum (Fullerton),

Vasona Lake Eucalyptus Grove (Los Gatos),

Quail Botanical Garden (Encinitas), the Ruth
Bancroft Garden (Walnut Creek), U.C. Santa

Barbara campus (Goleta), Palomar College

Arboretum (San Marcos), Orpet and Franceschi

Parks (Santa Barbara), Cal Poly campus (San

Luis Obispo), and the U.C. Santa Cruz Arbore-

tum (Santa Cruz). Records for all accessioned

Eucalyptus were compiled from the above collec-

tions as well as any published records of species

planted at some time in the past in California. A
database of species names and locations was
created based on any species designated in

published records, identified in living collections,

or in visited herbaria. The classification system

for Eucalyptus followed in this paper is found in

Brooker 2000.

Results

After thorough examination of herbaria, living

collections, and introduction records, we found
evidence for the introduction, or attempted
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introduction, of 374 distinct species of Eucalyptus

to California beginning in 1853. Of these 374

taxa, we were able to confirm that as of

December 2008, 202 species are represented by

one or more mature living trees in the state. Forty

eight attempted introductions are apparently now
no longer extant in California. We were not able

to locate or confirm the existence, or non-

existence, of the remaining 124 species. Of the

202 extant species in California, only 38 are

widely planted (represented by 10 or more trees in

15 or more different locations), and more than

150 are represented by fewer than 5 mature
individuals (approximately 20 of these being

represented by a single surviving mature speci-

men). Six of the seven subgenera (as recognized

by Brooker in 2000) are represented in California.

Most of the Eucalyptus diversity in California

can be found in only a few collections. The U.C.
Santa Cruz Arboretum, the Los Angeles County
Arboretum, and the Huntington Botanical Gar-
den each have more than 75 extant species and
records of having attempted many more. Other
collections at the U.C. Davis Arboretum, the

Stanford campus, the Cal Poly campus in San
Luis Obispo, and the U.C. Berkeley Botanical

Garden have 25 or more different extant species.

There are many other collections in California

with fewer than 25 species.

In the horticultural collections and forestry

plantations in California we found evidence of

regular and widespread spontaneous reproduction

from seed of 18 of the 202 extant species (Table 1 ).

Nine of these 18 species were included in the

treatment of naturalized Eucalyptus in the 1993

edition of the Jepson Manual (McClintock 1993).

Contrary to this treatment, we could find no
evidence for the naturalization, or spontaneous
reproduction of E. pulverulenta Sims, the very

commonly planted species used for stem cuttings

by the cut flower industry. We observed nine

previously unrecorded occurrences of eucalypt

naturalization. Seven of these nine newly ob-

served naturalized species were found in the Max
Watson Grove at the Arboretum at U.C. Santa
Cruz (36 58'49.11"N, 122 3'29.17"W), where ap-

proximately 80 different species were planted in

1964. In this grove we observed extensive

reproduction, with trees ranging in age from 1

to 30 yr (based on main stem growth ring

analysis), of both commonly planted species

such as E. camaldulensis (Fig. IB) and species

rare in California such as E. kitsoniana Maiden
(Fig. 2B).

One interesting case of recently recognized

eucalypt naturalization in Southwestern Califor-

nia is that of E. conferruniinata D. J. Carr & S. G.
M.Carr (Fig. 2C). This species has been sold and
planted widely in California, under the misap-
plied name E. lehmannii (Schauer) Benth., for

more than half a century for use primarily as a

Table 1. Common Eucalyptus s.pecies in

California. A. Taxa naturalized in California. B.

Commonly planted taxa that would be expected to

reproduce if planted more frequently, based on
taxonomic similarity to reproducing species and
reports from other areas with similar climates. C.

Commonly planted Eucalyptus species for which there is

no evidence of reproduction.

Expected No evidence of

Naturalized naturalization naturalization

(A) (B) (C)

E. camaldulensis E. anivgclalina E. calophylla

E. citriodora E. blakelyi E. cornuta

E. cladocalvx E. botryoides E. erythrocorys

E. conferruminata E. dalrymplecma E. ficifolia

E. fastigata E. dives E. leucoxylon

E. globulus E. gunnii E. macranda
E. gramlis E. maculata E. melliodora

E. kitsoniana E. neglecta E. nicholii

E. niacarthurii E. nicholii E. pauciflora

E. mannifera E. paniculata E. preissiana

E. ovata E. radiata E. pulverulenta

E. parvula E. regnans E. punctata

E. polyanthemos E. resinifera E. rudis

E. pulchella E. rubida E. spathulata

E. rohusta E. rudis E. torquata

E. sideroxylon E. saligna E. diversicolor

E. tereticornis E. megacornuta

E. viminalis

dense screen along roadways, houses, and agri-

cultural fields. We have not found E. lelwiannii,

as recognized by Carr and Carr (1980), growing
in California (Carr and Carr 1980). Eucalyptus

lehniannu has a bud cap 9 15 times as long as

wide, a thin peduncle that is 5 9 cm long, and a

palpably round apical bud, where the closely

related and very commonly grown E. conferru-

minata has a bud cap that is 4-4.5 times as long

as wide, a thick, strap-like peduncle that is 2^ cm
long, and an apical bud that is palpably trigonous

when rolled between the fingers. Eucalyptus

lehniannu is also capable of regeneration after fire

by sprouting from an underground lignotuber,

where E. conferruminata is an obligate seeder

(Nicolle 2006). The first observation of reproduc-

tion of E. conferruminata was made in San Diego
County in 2006 (Jon Rebman personal commu-
nication, San Diego Natural History Museum).
We have confirmed collections of spontaneously

reproducing E. conferrimunata from San Diego
County {Rebman 163346. OBI, 33 7'15.49"N,

117 16'20.04"W), Santa Barbara County {Ritter

& Yost 379. OBI, 34 26'0.76"N, 1 19 52' 19.55"W),

and San Luis Obispo County {Ritter & Yost 380,

OBI, 35 14'21.39"N, 120 38'26.12"W). Repro-
duction was moderate in the areas described

above, with fewer than 50 seedlings at each site.

Collections have also been made from an area

where reproduction was extensive, with hundreds
of new plants regenerating from seed, in Gaviota,

Santa Barbara County {Ritter & Yost 381.
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Fig. 3. Native ranges and seasonal rainfall patterns o{ Eucalyptus reproducing in California. A. The approximate
native ranges of the 18 taxa spontaneously reproducing in California. Only species which have a portion of their

range not overlapping with other species are labeled. The E. cainalduleusis native range (throughout Australia

except for the southwest) is excluded from the figure. B. The seasonal rainfall patterns within the native ranges of

reproducing taxa. Based on Williams (1997) page 94.

34 78'24.92"N, 120 12'48.86"W). This reproduc-

tion began in earnest after the 2004 Gaviota fire,

which burned to the sea through an area densely

planted with E. conferruminata. In areas where E.

conferriunmata reproduction is taking place, all

observed saplings were less than 10 yr old, based

on main stern growth ring analysis.

Discussion

The over 200 species of Eucalyptus living in

California represent a unique example of a

significant and purposeful introduction of a

genus of trees into cultivation outside their native

range. Eucalyptus species are not only the most
prevalent non-native trees in Cahfornia; there is

no other genus of introduced trees represented by
more species in the state (McMinn and Maino
1935). This diversity of Eucalyptus represents an
opportunity to observe the process of naturaliza-

tion, or lack of naturalization, in different and
closely related species. It became apparent during

the course of this study that different eucalypts

are spontaneously reproducing at different rates,

sometimes regardless of how frequently they are

planted. In some groves, such as the Max Watson
Grove at the Arboretum at U.C. Santa Cruz,

where over 70 different mature species remain, we
observed copious reproduction from seed of some
species and could find no evidence of reproduc-

tion of other species, planted just a short distance

away.

The degree of spontaneous reproduction in

different species may correlate with the taxonom-
ic subgenus and section to which they belong, and
therefore future invasions could possibly be

predicted for closely related yet uncommonly
planted species (Table 1). Of the eighteen taxa

that have become naturalized in the state, all but

3 are in the subgenus Syuiphyomyrtus (Pryor and
Johnson 1971). The exceptions are E. fastigata

(Fig. IC) and E. pulchella Desf. (Fig. 2D), both

in the subgenus Eucalyptus (Mouocalyptus of

Pryor and Johnson 1971 ), and E. citriodora in the

subgenus Coryinhia (see species notes for a brief

discussion of the recent elevation of the subgenus

Corymbia to the genus level). Within the subge-

nus Syinphyomyrtus, 1 of the 18 naturalized taxa

are in the large section Maidcnaria L. D. Pryor &
L. A. S. Johnson ex Brooker, which has a total of

80 taxa. It is possible that other species in this

section, if planted more commonly, would be

predicted to naturalize more readily in California

than species in other sections (Table 1). In a

contrasting situation, Syniphyoniyrtus sections

Duumria (23 taxa) and Bisectae (50 taxa), which
are represented by over 50 living taxa in

California, have only one species {E. conferrumi-

nata) that is apparently naturalized.

Eucalyptus, although almost entirely endemic
to Australia, has a broad native range (

— 1.6 X
10^ km-) including species that have evolved in

myriad climate types, including temperate rain-

forests, deserts, humid subtropical coastal areas,

and Mediterranean climate regions. The 18 taxa

naturalized in California are native primarily to

southeast and east Australia, with the exception

of E. conferruminata and E. cladoccdyx F. Muell.,

which have coastal distributions in southern West
Australia and southern South Australia

(Fig. 3A). Eucalyptus camaldulensis has a wide-

spread but largely inland distribution (occurring
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Fig. 4. Illustrations of fruits and buds of: A. Eucalyptus cladocalyx (R. Phi/brick B65-44. CAS). B. Eucalyptus

iiunuiifcra {Ritter 226, OBI). C. Eucalyptus graudis (Broc/cr 1472, CAS). D. Eucalyptus parvula (McCliutock s.u.,

CAS 474279). All size bars = 1 cm.
"

in every mainland Australian state) and is usually

found near permanent or seasonal watercourses.

It is interesting to note that most of the

naturalized taxa in California are native to areas

with different seasonal rainfall patterns than
those found in Mediterranean climate areas of
cismontane California. Eastern Australia, and
parts of southeastern Australia, have either

uniform year-round or summer maximum pre-

cipitation (Fig. 3B).

Of the 18 naturalized taxa, only E. confcrru-

minata and E. ckulocalyx (Fig. 4A) have native

ranges that fall entirely in winter maximum
rainfall Mediterranean type climate areas of
Austi-alia. At present, there are 74 taxa alive in

California with a native range entirely in

Mediterranean areas of southern and southwest-
ern Australia. Of these 74, 13 are planted widely

(represented by 10 or more trees in 15 or more
different locations). There is no evidence of

spontaneous reproduction from seed or natural-

ization of any of these species, with the exception

of E. coufevruiuiuata and E. cladocalyx.

It is noteworthy that some eucalypt species

reproduce frequently in California while others,

which are closely related, planted as frequently

and in the same locations, do not apparently

reproduce. Two examples of this phenomenon
are E. cciinaldidensis and its closest relative E.

rudis Endl., and E. sideroxylou and two of its

closest relatives E. leucoxyloii F.Muell. and E.

jueUiodora A. Cunn. ex Schauer. Eucalyptus

caiiuilduleusis is widely naturalized in central

and southern California. Its closest relative, E.

rudis, which is endemic to southwestern West
Australia, is commonly planted in California,
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Fig. 5. Illustrations of fruits and buds of: A. Eucalyptus macarthurii {Ritter 232, OBI). B. Eucalyptus ovata {Huber
1203, CAS). C. Eucalyptus rohusta {Pollard s.n., CAS 556588). D. Eucalyptus sideroxylon (McClmtock s.n., CAS
863986). All size bars = 1 cm.

especially along roadways in the central western

and southern parts of the state, yet there is no
evidence of even occasional reproduction from
seed of this species. Similarly, E. leucoxylon and
E. melliodora, both horticulturally important
species that are planted frequently throughout
the state, apparently do not reproduce, whereas
E. sideroxylon saplings can be found in many
areas where this species is grown. Conversely, E.

nicliolii Maiden & Blakely, which is planted very

commonly throughout the state, apparently
rarely or never reproduces although its close

relatives E. mannifera (Fig 4B), E. macarthurii,

and E. parvula do so extensively. Why this

disparity in reproduction of closely related

species exists in California is a question requiring

further study. The native ranges of the closely

related species, mycorrhizal fungal associations

(especially during seed germination), soil types,

and a number of other factors that might affect

germination and recruitment of new trees could
all play a role in explaining this observed
variation in reproduction.

We observed widespread reproduction of a

number of species in the Max Watson Grove at

the Arboretum at U.C. Santa Cruz, such as E.

fastigata (Fig. IC), E. grandis W. Hill ex Maiden
(Fig. 4C), E. kitsoniana (Fig. 2B), E. parvula L.

A. S. Johnson & K. D. Hill (Fig. 4D), and E.

macarthurii H. Deane & Maiden (Fig. 5A), which
are not planted frequently elsewhere in Califor-

nia. Eucalyptus kitsoniana, E. parvula, and E.

tnacarthurii are rarely grown elsewhere outside

Australia (Jacobs 1981) and are very uncommon
in California. It is tempting to speculate that if

other fast growing timber species such as E.

fastigata and E. grandis were planted widely in

California, instead of E. globulus, then there

could be as much or more reproduction and
expansion of these plantations. Had E. diversico-

lor F. Muell., a fine timber species from
Southwest Australia that apparently does not

reproduce where it is grown in California, been

promoted instead of E. globulus, would there be

no issue with expanding groves? Not surprisingly,

a correlation exists between the commonness of



2009] RITTER AND YOST: EUCALYPTUS IN CALIFORNIA 163

which a species is planted in California and the

number of observations (and possibly the actual

degree) of spontaneous reproduction and natu-

ralization.

The recently recognized and locally extensive

reproduction of E. conferrwninata (Fig. 2C) in

parts of California is an interesting case of

possible naturalization after a long period of

latency. There have been a number of observa-

tions made of non-native species that only become
invasive after a long lag time subsequent to their

initial introduction (Ellstrand and Schierenbeck

2000). This species, which is planted commonly
along a number of roads, highways, and freeways

in western Central and Southern California (and

has been for over 50 yr), is considered a serious

threat to wildlands in the Mediterranean climate

Cape Province of South Africa where it has been

planted as a sand-binder and windbreak. Euca-

lyptus conferrumincita is listed as a Category 1

plant as defined in the South African Conserva-

tion of Agricultural Resources Act 43 (1983) (its

planting, propagation, and importation is pro-

hibited) in the Western Cape, due to the fact that

it forms thickets in areas of coastal fynbos

(Richardson et al. 1996; Henderson 2001; Le
Maitre et al. 2002; Forsyth et al. 2004). Why after

being planted so commonly in California for more
than 50 yr is this species now just beginning to

become naturalized? Eucalyptus confcrruminata,

which reproduces in the wild only after fire, may
only become naturalized after repeated fires in

cultivated areas (Nicolle et al. 2008). Another
possibiHty is that a different genotype of this

species was introduced into South Africa; a

genotype that does not require fire for profuse

reproduction. Genetic fingerprinting or chloro-

plast haplotype analysis would be useful in

elucidating any genetic component to these vastly

different levels of naturalization of the same
species in similar Mediterranean climates
(McKinnon et al. 2001; Freeman et al. 2001).

Guide To Using The Key

This key includes the 18 species known to the

authors to spontaneously reproduce in Califor-

nia. There are many commonly planted species

for which there is no evidence of any reproduc-

tion (see above) and these have been omitted

from the key. However, the user of the key is

encouraged to use the species notes (Appendix 1)

as there are lists of non-reproducing species that

are closely related to those found in the key.

Key To Eucalyptus Species Spontaneously Reproducing In California

1 . Inflorescences of terminal or axillary panicles of umbels
2. Leaves lanceolate, lemon-scented; bark smooth E. citriodora

2' Leaves ovate, elliptic, or orbicular, not lemon-scented; bark variable (often rough [subsp. vestita L. A.

S. Johnson & K. D. Hill], or occasionally smooth, [subsp. polyauthenws L. A. S. Johnson & K. D.

Hill]) E. polyanthemos
1

' Inflorescences of unbranched umbels or heads borne in leaf axils or flowers borne singly in leaf axils

3. Flowers borne singly in leaf axils, ± sessile; fruit > 1.5 cm wide E. globulus
3' Flowers in 3-to 15 flowered axillary umbels or heads; fruit <1 cm wide

4. Leaves lighter abaxially (discolorous)

5. Bark rough, persistent on trunk and large branches, thick, fibrous; fruit valve tips remaining

fused after dehiscence E. rohusta
5' Bark smooth, shedding from trunk and large branches, occasionally rough up to ~1 m on

trunk; fruit valve tips distinct after dehiscence

6. Fruit prominently ribbed, barrel-shaped; valves of mature fruit not exserted (sunken

inside hypanthium) E. claclocalyx

6' Fruit smooth, obconical; valves of mature fruit exserted and incurved E. grandis
4' Leaves same color on both sides (concolorous)

7. Bark rough, persistent on trunk and large branches, brown to black

8. Bark deeply furrowed, hard, black; outer stamens without anthers (staminodes);

filaments red or white E. sideroxylou
8' Bark fibrous, brown; stamens all fertile; filaments always white

9. Umbels often paired in leaf axils; bud cap scar absent E. fastigata
9' Umbels always singe in leaf axils; bud cap scar present E. macarthurii

1' Bark smooth, shedding from trunk and large branches, sometimes rough up to ~2 M on
trunk, gray, white, or tan

10. Flowers and fruit fused at the base into a dense, spherical head, >3 cm in diameter . . .

E. conferrwninata
10' Flowers and fruits free at the base

11. Inflorescences mostly 3-flowered umbels E. viniinalis

11' Inflorescences 5-to 15-flowered umbels or heads
12. Valves of mature fruit not exserted (sunken below level of hypanthium rim)

13. Flowers and fruit stalked; leaves linear, generally <0.5 cm wide; bud cap scar

absent E. pulchella

13' Flowers and fruit sessile; leaves lanceolate, elliptic, or ovate, generally >1 cm
wide; bud cap scar present
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14. Mature crown retaining large numbers of opposite, sessile, juvenile leaves;

adult leaves ± 1 cm wide E. parvula
14' Mature crown with only alternate, stalked, adult leaves; adult leaves >

2 cm wide E. kitsouiana
12' Valves of mature fruit level with or exserted beyond rim of hypanthium

15. Bark smooth to ground level, powdery to the touch, mottled, shedding in

plates; leaves narrow-lanceolate, dull bluish green E. mamiifera
15' Bark often rough up to ~ Im on trunk, not powdery to the touch, shedding in

short strips; leaves lanceolate to broad-lanceolate, glossy green

16. Fruit obconic; valves slightly exserted or occasionally level with
hypanthium rim; bud cap conic E. ovata

16' Fruit cup-shaped; valves strongly exserted; bud cap horn-shaped, beaked,

or occasionally conic

17. Bud cap beaked, +- equal to hypanthium length; seeds yellow

E. cainahlulensis

17' Bud cap horn-shaped to conic, not beaked, +- two times hypanthium
length; seeds dark brown E. tereticornis
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Appendix 1

Notes ON 18 Naturalized Species

Each note depicts herbarium vouchers that are

representative of each taxon, characters that are

particularly helpful in identifying each species, and a

list of closely related species that are commonly
cultivated in California. These characters may not be

included in the key and characters common to many
species have been omitted.

Eucalyptus caiiiaklulcnsis Dehnh. (Fig. IB). Sanders

21982 (CAS 997534); Ertter 11231 (UC 1619995).

Leaves often infested with lerp psyllids; bud cap beaked;

seeds yellow; most widespread Eucalyptus in Australia,

second most commonly planted species in California.

Related species: E. rudis.

Eucalyptus citriodora Hook. = Corymhia citriodora

(Hook.) K. D. Hill & L. A. S. Johnson (Fig. ID).

Eastwood s.n. April 16, 1916 (CAS 45201); Hunt s.n.

May 1907 (UC 132066). Bark smooth throughout; trees

are often self pruning; leaves lemon-scented. Very
commonly grown in coastal California. In Brooker's

2000 treatment of eucalypts he included Augophora and
Corymhia as subgenera of Eucalyptus whereas other

concurrent and more recent work has supported the

status of Augophora and Corymhia as separate genera

(Ladiges et al. 1995; Brooker 2000; Udovicic and
Ladiges 2000; Steane et al. 2002). There are only two
widely planted species in California, E. citriodora Hook.
= C citriodora (Hook.) K. D. Hill & L. A. S. Johnson
(Lemon-scented Gum) and E. ficifolia F. Muell. = C
ficifolia (F. Muell.) K. D. Hill & L. A. S. Johnson (Red-

flowering Gum), whose names are affected by this

taxonomic revision, and only the former is naturalized

to any degree. Although we recognize the validity of the

latter work, for the purpose of simplicity in treating a

smaller group of naturalized species, we have used the

genus name Eucalyptus in the broad sense (sensu

Brooker 2000). Related species: E. maculata.

Eucalyptus cladocaly.x F. Muell. (Fig. 4A). Philhrick

B65-44 (CAS 907112); Barber 100(330) (JEPS 41016).

Bark mottled, cream and orange; leaves distinctly

discolorous; buds on leafless shoots; fruit barrel-shaped,

longitudinally ribbed. Very commonly planted in

western Santa Barbara Co., Orange Co., and San
Diego Co. Related species: Not closely related to any

other species.

Eucalyptus couferrumiuata D. J. Carr & S. G. M.
Carr (Fig. 2C). McClimock s.n. May 1989 (CAS
994288); Ingham s. n. (UC 1552464). Bark smooth,

gray; peduncles flattened, erect to down-curved; inflo-
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Fig. 6. Illustrations of fruits and buds of: A. Eucalyptus tereticomis {Boyd s.u., CAS 931360). B. Eucalyptus

viniiualis (Keil 25866, OBI). All size bars = 1 cm.

rescence head-like; bud cap stoutly horn-shaped;

stamens greenish-yellow; fruits fused. Commonly plant-

ed as a screen along roadsides in San Francisco Bay
Area, San Luis Obispo Co., and Santa Barbara Co.

Related species: E. lehmannii, E. megacornuta, E.

corinita.

Eucalyptus fastigata H. Deane & Maiden (Fig. IC).

Ritter 345 (OBI 67945). Bark rough, brown, fibrous,

stringy on trunk and large branches, smooth above;

inflorescences axillary, usually paired; buds 11-15 per

umbel; bud cap scar absent. Rarely planted in

California, extensive reproduction at U.C. Santa Cruz
Arboretum. Related species: E. regiians.

Eucalyptus globulus Labill subsp. globulus. (Fig. lA).

Hon ell' 32582 (CAS 515534); Ertter 17840 (UC
1789210). Adult leaves dark green, falcate; buds square,

warty, glaucous, sessile, single in leaf axils. Most
commonly grown species in the state; extensive

reproduction throughout coastal California. Found less

frequently south of Santa Barbara County. Very
commonly naturalized in Monterey and Santa Cruz
counties. Other less commonly planted subspecies (£". g.

subsp. niaiclenii F. Muell. [with 7 buds per umbel] and
E. g. subsp. bicostata (Maiden) Blakely & Simmonds
[with 3 buds per umbel]) also spontaneously reproduce

where they are planted. Related species: E. nitens, E.

cypellocarpa.

Eucalyptus grauclis W. Hill ex Maiden (Fig. 4C).

BrOder 'l472 (CAS 602795); Yost & Ritter 202 (OBI
68038). Bark powdery, pale gray, rough to 1 m above
ground then smooth above; leaves discolorous, glossy;

bud cap beaked; fruit valves exerted and incurved.

Planted occasionally in California, extensive reproduc-

tion at U.C. Santa Cruz Arboretum. Related species: E.

saligmi.

Eucalyptus kitsouiana Maiden (Fig. 2B). Ritter 263
(OBI 68004). Bark smooth throughout, copper colored;

buds and fruit sessile. Rarely planted in California;

extensive reproduction at U.C. Santa Cruz Arboretum.
Related species: E. neglecta.

Eucalyptus macarthurii H. Deane & Maiden
(Fig. 5A'). Ritter 232 (OBI 68092); Walter s.n. April

1912 (UC 170413). Bark rough, brown, fibrous to small

branches; leaves narrowly lanceolate; buds sessile to

subsessile; fruit obconic; fruit valves at capsule rim
level. Rarely planted in California; extensive reproduc-

tion at U.C. Santa Cruz Arboretum. Related species: E.

uicholii.

Eucalyptus mannifera Mudie (Fig. 4B). Ritter 226
(OBI 65677); Sanders s.n. March 1986 (UC 1608078).

Bark smooth, mottled, powdery; buds ovoid 2-5 mm
wide; bud cap scar present; fruit valves generally 3 per

capsule, exerted above capsule rim. Planted occasion-

ally in coastal California. Related species: E. nicholii.

Eucalyptus ovata Labill. (Fig. 5B). Huber 1203 (CAS
597552)'; Bolmore s.n. May 1900 (JEPS 41030). Bark
smooth throughout, occasionally rough on lower trunk

and large branches; leaves often lacking visible oil

glands; fruit obconic. Occasionally planted in Califor-

nia; extensive reproduction at U.C. Santa Cruz
Arboretum. Related species: E. brookeriana, E. cam-
phora.

Eucalyptus parvula L. A. S. Johnson & K. D. Hill

(Fig. 4D). McClintock s.n. November 1967, (CAS
474279); Yost & Ritter 255 (OBI 68012). Bark smooth
throughout; leaves often opposite and sessile (juvenile)

in mature crown, elliptical to ovate; buds and fruit

sessile. Rarely planted in California; extensive repro-

duction at U.C. Santa Cruz Arboretum. Related

species: E. nicholii.

Eucalyptus polyantliemos Schauer (Fig. 2A). Twissel-

niann 18559 (CAS 55013); Barber s.n. February 1894

(JEPS 1896). Leaves bluish-gray, ovate, elliptic, or

orbicular; inflorescences terminal panicles; staminodes

present. Very common landscaping tree throughout

western California. Reproduces occasionally. Related

species: E. leucoxylon, E. nielliodora.

Eucalyptus pulcliella Desf. (Fig. 2D). Kawahara 800

(CAS 485858); Keil 24454 (OBI 53723). Bark gray,

completely smooth or occasionally rough to 1 m above

ground level; leaves linear, peppermint scented; inflo-

rescences axillary, buds 9 to >15 per umbel; bud cap

scar absent. Rarely planted in California, extensive

reproduction in Joaquin Miller Park, Alameda Co.

(37 48'49.40"N, 122 10'57.43"W). Related species: E.

aniygdalina, E. dives., E. radiata.

Eucalyptus rohusta Sm. (Fig. 5C). Pollard s.n. March
1970 (CAS 556588); Sanders 13849 (UC 1792828). Bark
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thick, fibrous, spongy, reddish brown, easily torn from
trunk; leaves discolorous, glossy; fruit valves remain

joined at tip after dehiscence. Occasional landscaping

plant throughout western California. Reproduces occa-

sionally. Related species: E. hotryoic/es, E. resinifera.

Eucalyptus sideroxrlou A. Cunn. ex Woolls
(Fig. 5D). McClintock s.n. August 1989 (CAS
863986); Gross 387 (UC 1870241). Bark rough, hard,

gray-black; buds 7 per umbel; staminodes present. Very

common landscaping plant throughout western Cali-

fornia. Reproduces occasionally. Related species: E.

leuco.xylon, E. melliodora.

Eucalyptus tereticornis Sm. (Fig. 6A). Bovd s.n.

February 1981 (CAS 931360); Ertter 17604 (UC

1789216). Similar in appearance to E. camaldulemis\

bud cap horned not beaked; seeds dark brown not

yellow. Grown commonly in California. Occasionally

form hybrids with E. camalduleusis in California.

Related species: E. h/akelyi, E. dea/hata, E. dwyeri.

Eucalyptus vimimdis Labill. (Fig. 6B). Keil 25866
(OBI 542293); Ertter 10146 (UC 1607671). Bark gray,

rough to 1 m above ground level then smooth above,

shed in long ribbons; buds 3 per umbel; fruit cup-

shaped; fruit valves exerted beyond capsule rim. Very
common landscaping plant throughout western CaH-
fornia. Extensively naturalized in parts of San Fran-
cisco Bay Area; reproduces regularly elsewhere in the

state. Related species: E. dalrymp/eana, E. rubida.
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Abstract

The nuclear ribosomal internal transcribed spacer and chloroplast rhcl^-accD intergenic spacer

regions of species in the Piiugcutes subsection of Chorizcmthe (spineflower) were analyzed. The goals

of the study were to ascertain the phylogenetic relationships of taxa in the C. pimgens-C. rohusta

complex to each other and to the other Pimgeutes species. The ITS phylogenies showed that C diffusa

was most distant from the other species and that C cuspidata, C. pimgcns and C rohusta were not

monophyletic. The four varieties of the C puiigens-C. rohusta complex resolved into montane and
coastal groups but the groupings were not in agreement with current classification. Statistical

parsimony analysis divided 26 chloroplast DNA haplotypes into four groups with the 18 sampled
populations of the C. pungens-C. rohusta complex displaying a high degree of phylogeographic
structure despite some incomplete lineage sorting. The haplotype analysis was not discordant with the

ITS phylogeny. Possible taxonomic revisions and implications for conservation and management are

discussed.
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Pungentcs, spineflower.

Chon'zaiifhe R. Br. ex Beiith. (spineflower) is a

New World genus composed of approximately 10

perennial and 41 annual species, with most of the

annuals found in western North America and
principally in CaUfornia (Reveal and Hardham
1989). The most recent revision of Chorizantlie

annuals (Reveal and Hardhain 1989) placed all

but two species in the subg. AnipJiietes Reveal &
Hardhain which was further divided into four

sections. Within the sect. Ptelosepala Nutt.

(including Hevbaceae Benth. ex Goodman), seven

species endemic to the California central coast

were assigned to the subsect. Pimgentes Good-
man. Four of these species are currently under
federal protection due to the extensive loss of

coastal dune and sandy inland habitat: C. Ijowellii

Goodman and C. valida S. Watson each have
only one known population in Mendocino and
Marin counties, respectively, while C. pimgens
Benth. and C. rohusta Parry are confined to

fragmented populations in the Monterey Bay
region. Of the more widespread species, C.

cuspidata S. Watson var. villosa (Eastw.) Munz
is found from the Point Reyes Peninsula to

Bodega Bay, with var. cuspidata restricted to

isolated populations in San Francisco and

' Present address: 1500 Middle Road, New Portland,

ME 04961.

northern San Mateo counties. The remaining

two species, C. diffusa Benth. and C. augustifolia

Nutt., are distributed from Santa Barbara to

Santa Cruz counties.

Classification of species in Putigentes has been

confounded by intraspecific variation and, in [

areas of overlapping ranges, interspecific similar-

ities. Until the revision of Goodman (1934),

many of the currently recognized species in the

subsection were often considered varieties of

Chorizatit/ie pimgens (Parry 1884; Jepson 1914).

The C. pungens-C. rohusta complex has been an
;

especially difficult taxonomic group due to
;

historical confusion over type specimens, coastal -

vs. inland expressions, overlapping ranges, diffi-
;

culty in locating rare populations, and disagree-

ment over taxonomic validity of varieties (Reveal

and Hardham 1989; Reveal and Morgan 1989;

Ertter 1996).

Chorizanthe pimgens var. pimgens (Monterey
spineflower) is a generally prostrate, wiry herb

|

with white to pink involucral margins found in

coastal Monterey Co. with some fragmented

populations extending into the Salinas Valley.

The montane variety, C. pimgens var. hartwegiana
.

Reveal & Hardham (Ben Lomond spineflower), ;

is more erect with purple to pink involucral

margins and is confined to the sandhills of the

Santa Cruz Mountains. Chorizanthe rohusta var. i

rohusta (robust spineflower) is generally taller
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and more erect than C. pimgens with larger and
whiter involucral margins. A shorter expression

of C. rohusta var. rohusta has been observed at

the southern end of the range in the backdune
habitat of coastal Monterey Co. where it overlaps

the northern range of C pungens var. pimgens.

The Santa Cruz Mountains variety, C. rohusta

var. hartwegii (Benth.) Reveal & R. Morgan
(Scotts Valley spineflower) is smaller with purple

to pink involucral margins. Despite these assign-

ments, the definition of C. rohusta is still not

satisfactorily settled (Reveal and Hardham 1989).

This taxonomic uncertainty was reflected in the

decision by the U.S. Fish and Wildlife Service to

hst the entire complex in order to protect the

existing threatened and endangered populations,

regardless of their taxonomic status (Ertter 1996).

Phylogeographic analysis of both nuclear and
chloroplast loci has proven to be a useful tool in

reconstructing the evolutionary histories of re-

cently divergent plant taxa (Wojchiechowski et al.

1999; Comes and Abbott 2001; Kimball et al.

2003; Chiang et al. 2004; Mort et al. 2004;

Cornman and Arnold 2007; Yamanaka et al.

2008; Wang et al. 2009). However, based on
population genetic theory, it is unreasonable to

expect recently divergent taxa to have completely

resolved gene tree phylogenies (Hudson and
Coyne 2002; Rosenberg 2002). Non-coalescence
of ancestral polymorphisms can sometimes lead

to discordance between nuclear and plastid gene
trees (Soltis and Kuzoff 1995; Comes and Abbott
2001; Yamanaka et al. 2008) and frustrate

attempts at species delimitation based on exclu-

sivity criteria, such as reciprocal monophyly.
Despite these difficulties, models suggest that

useful phylogenetic information can be derived in

the presence of reticulation and incomplete
lineage sorting ( Lyons-Weiler and Milinkovitch

1997; Madison and Knowles 2006; Knowles and
Carstens 2007), and several empirical studies

have shown that to be the case (Wolfe and
Elisens 1996; Levin 2000; Cubas et al. 2006;

Jakob and Blattner 2006).

Limited molecular systematic studies have been
performed in Polygonaceae (Lamb Frye and
Kron 2003; Sanchez and Kron 2008), but none
have been undertaken at the subgenus or species

complex level where recent divergence and rapid

diversification pose greater challenges. In this

investigation, the nuclear ribosomal ITS and
chloroplast rhch-accO intergenic spacer regions

were analyzed to help clarify the systematics of
the Pungentes subsection of Chorizanthe. Partic-

ular emphasis was given to the phylogeographic
assessment of several populations of the C.

pungens-C. rohusta complex to ascertain its

evolutionary relationship to the rest of the

subsection, provide data for possible taxonomic
revision, and identify genetically rare populations
for conservation and management purposes.

Methods

Plant Collection

Two to four leaf samples were taken from 10-

20 plants of each Chorizanthe population de-

scribed below (more plants were sampled from
the larger Sunset State Beach populations). Leaf
tissue was either frozen on dry ice in the field and
later lyophilized or placed directly in a coin

envelope and dried in the presence of desiccant.

Voucher specimens were archived in the Carl W.
Sharsmith Herbarium (CSH), San Jose State

University (accessions 15177-15202).

Varieties of Chorizanthe pungens and C.

rohusta were collected from several sites in the

Monterey Bay region representing the majority of
known populations of the complex (Fig. 1, inset).

For C. rohusta var. rohusta., two small but

morphologically distinct populations in Pogonip
Park were sampled. Isolated inland populations

of var. rohusta were sampled at Branciforte,

Rodeo Gulch, Freedom, and Buena Vista. The
Manresa and Sunset State Beach populations are

coastal expressions with the Sunset State Beach
backdune population representing the southern-

most extent of var. rohusta. Adjacent to this latter

population of var. rohusta is the northernmost
population of C. pungens var. pungens in fore-

dune habitat. Three var. pungens inland popula-

tions were sampled at the former Fort Ord site

near the southern extreme of the variety's range,

and three mid-range foredune populations were
sampled at Zmudowski, Salinas River and
Marina State beaches. The two largest popula-

tions of C. pungens var. hartwegiana were
sampled at the Bonny Doon Ecological Preserve

and Quail Hollow Park sites in the Santa Cruz
Mountains along with the largest C rohusta var.

hartwegii population at Glenwood Preserve in

Scotts Valley.

The approximate locations of collection sites of
the other taxa in Pungentes are shown on the map
in Fig. 1. Chorizanthe howeUii wd?> sampled from
the only known population in low dune habitat at

MacKerricher State Park near Fort Bragg
(Mendocino Co.), and C vaUda was taken from
its only extant population at G Ranch in Point

Reyes National Seashore (Marin Co.). Three
populations of C. euspidata var. villosa were
sampled from Bull Point Trailhead, Abbotts
Lagoon and South Kehoe Creek at Point Reyes
National Seashore. The var. euspidata was
sampled at Baker Beach in Golden Gate National

Recreation Area in San Francisco. The northern

expression of C. diffusa (sometimes referred to as

var. diffusa) was collected from two close

populations at Corona Ridge east of Point Lobos
State Reserve in Monterey Co. while C. an-

gustifo/ia was sampled from the south end of

Morro Bay and the nearby Montana de Oro
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Fig. 1. Location of CJiorizauthe (subsect. Pimgeutes) taxa used in this study. Inset: locations of populations

analyzed from the C. pungens-C. robusta complex in the Monterey Bay region. At Sunset State Beach, C. pungens
var. pungens and C. robusta var. robusta occurred in foredune and backdune habitat, respectively.

State Park in San Luis Obispo Co. Chorizanthe

doiigkisii Benth. of the sister subsect. Legnota
Reveal & Hardham was collected at the former
Fort Ord site in Monterey Co., and Eriogonum
nudum Benth. var. nudum was collected at the

Buena Vista site in Santa Cruz Co. The latter

variety was used as the outgroup for phylogenetic

analysis.

DNA Extraction, PCR Amplification

and Sequencing

DNA was extracted and amplified from dried

leaf tissue (2 mm-) using the REDExtract-N-
Amp^"^ combination plant extraction and PCR
kit (Sigma-Aldrich, St. Louis, MO). The univer-

sal plant nuclear rDNA internal transcribed

spacer (ITS) PCR primers A and B as described

by Blattner (1999) were used at 0.5 |aM each to

amplify an approximately 750 bp product con-

taining the entire ITS-1, 5.8S rDNA and ITS-2
regions. DNA extracts (4 )liL) were used in a final

reaction volume of 20 |aL. PCR conditions were
94"C (2 min) followed by 30 cycles of 94 C
(45 sec), 55°C (1 min), 72 C (2 min) and a final

extension step of 72°C (6 min). Polygonum
cuspidatum-b'dSQd PCR primers (Inamura et al.

2000) were initially used to amplify part of the

chloroplast rhcL and accD genes along with their

intergenic spacer. However, in Chorizanthe the

PCR product sequence variability for the two
coding regions was low, so the new forward

primer RBCL (5'-CCGCTTGTGAAGTATG
GAAAG-3') and reverse primer ACCD (5'-

AGGATCAAGACTGCCCATTG-3') were de-

signed based on Chorizanthe sequences to amplify

an approximately 770 bp product containing all

of the spacer region but very little of each

flanking gene sequence. PCR conditions were

the same as for the ITS region except that 35

cycles of amplification were used.

Amplified DNA was purified using DNA
Clean and Concentrator^^-5 spin columns
(Zymo Research, Orange, CA). Sequencing for

both loci was performed by Geneway Research

(Hayward, CA) using Big Dye™ v.3.1 sequencing

mix (Applied Biosystems, Foster City, CA) and
the forward PCR primers on an ABI 3730XL
DNA Analyzer (Applied Biosystems). Reverse

primers were used for sequencing only in the rare

case when forward priming gave low quality or

incomplete reads. Higher quality sequence was
obtained for the ITS region when GC-rich buffer

(Applied Biosystems) was used. ITS sequences
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Table 1. GenBank Accession Numbers of Nuclear Ribosomal DNA Internal Transcribed Spacer
Region. See Methods for descriptions of populations.

Taxon Population Specimen (GenBank accession number)

C. Iiowc'lli MacKerricher MK-9 (EU753776), MK-10 (EU753777), MK-17 (EU753778),
MK-18 (EU753780), MK-19 (EU753779)

C. valida G Ranch GR-1 (EU753781), GR-3 (EU753783), GR-18 (EU753782),
GR-19 (EU753785), GR-20 (EU753784)

C. ciispidata var. villosa Abbotts Lagoon AL-2 (EU753741), AL-3 (EU753744)
Bull Point BP-1 (EU753740), BP-3 (EU753743)
Kehoe Creek KC-1 (EU753742)

C. cuspidcitci var. ciispidata Baker Beach BB-I (EU753756), BB-3 (EU753757)

C angiistifolia Morro Bay MB-1 (EU753738), MB-3 (EU753739)
Montana de Oro MO-18 (EU753735), MO-19 (EU753737), MO-20 (EU753736)

C. diffusa Pt. Lobos Popl PLl-6 (EU753730), PLl-8 (EU753731)
Pt. Lobos Pop2 PL2-18 (EU753732), PL2-19 (EU753733), PL2-20 (EU753734)

C. robiista var. /lartwegii Glenwood GL-1 (EU753745), GL-5 (EU753746), GL-7 (EU753747)
GL-18 (EU753748)

C. rohiista var. rohiista Pogonip Pop2 P02-3 (EU753753)
Rodeo Gulch RG-1 (EU753773), RG-2 (EU753770)
Buena Vista BV-1 (EU753769)
Manresa MA-7 (EU753754), MA-10 (EU753764), MA-16 (EU753765),

MA-17 (EU753755)
Sunset backdune SB-1 (EU753763), SB-3 (EU753767), SB-4 (EU753768)

C. pimgens var. hartwegiaua Bonny Doon BD-1 (EU753751), BD-3 (EU753749), BD-12 (EU753750)
C. pimgens var. pimgeus Sunset foredune SF-5 (EU753762), SF-7 (EU753760), SF-9 (EU753766),

SF-10 (EU753752), SF-18 (EU753772)
Zmudowski ZM-12 (EU753758)
Salinas River SR-2 (EU753759)
Fort Ord Popl FOl-1 (EU753774)
Fort Ord Pop2 F02-1 (EU753761)
Fort Ord Pop3 F03-1 (EU753771)

C. douglasii Fort Ord CD-I (EU753775)
E. nudum var. nudum Buena Vista EN-1 (EU753786)

were assigned GenBank accession numbers
EU753730 EU753786. Chloroplast haplotype
sequences were assigned accession numbers
EU794965-EU795005. At the request of the

GenBank administrator, any haplotype sequence

shared by different taxa was assigned a separate

accession number for each taxon.

Sequence Alignments and Phylogenetic Analysis

ITS region sequences were aUgned using Clus-

talX (Thompson et al. 1997). Where there was
polymorphism in individual sequences, the lU-
PAC ambiguity codes were used. Neighbor-
joining phylogenetic analysis of ITS sequences

using the Kimura two-parameter model (Kimura
1980) and maximum parsimony analysis using the

close-neighbor-interchange option (search level 1

)

were performed with MEGA4 software (Tamura
et al. 2007). In both analyses, gaps were treated as

missing data and bootstrap consensus trees were
inferred from 1000 replicates (Felsenstein 1985).

The ITS region of E. nudum var. nudum was used
as the outgroup sequence for both trees.

Chloroplast rbcL-accD intergenic spacer re-

gion (cpDNA) haplotypes were aligned manually.
Statistical parsimony analysis to estimate haplo-
type genealogy was conducted using the program

TCS (Clement et al. 2000). Following the

procedure of Jakob and Blattner (1996), gaps

were treated as a fifth state, each indel was
treated as a single mutational event, and the

single mononucleotide (T/A) repeat was omitted

from the analysis. Maximum parsimony phylo-

genetic analysis was performed as with the ITS
sequence.

Pairwise distances for data sets of both loci

were calculated in MEGA4 using a Kimura two-

parameter model.

Results

ITS Sequence Variation

GenBank accession numbers of the ITS
sequences for 56 Cluwizcmtlie specimens and the

Eriogonum nudum outgroup are provided in

Table 1. The combined ITS-1, 5.8S and ITS-2

regions resulted in an alignment of 683 nucleo-

tides. In the CJiorizanthe sequences there were a

total of 68 (10.0%) variable sites, 36 of which
were unique to C. diffusa. In the highly conserved

5.8S sequence, C. diffusa sequences showed a

single base insertion and a polymorphic site not

seen in the other Chorizantlie taxa. Four other

single-base indels were unique to C. diffusa (one
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Fig. 2. Maximum parsimony bootstrap consensus tree of the complete ITS-1/5.8S/ITS-2 sequence. Numbers at

branches are bootstrap values based on 1000 replicates with values below 50% omitted. Population and specimen

number are in parentheses (see Table 1).
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in ITS-1, three in ITS-2). Site polymorphism in

individual sequences was common throughout
subsect. Puiigentes.

Pairwise distances between ChorizcmtJie taxa

were 0.0 6.5% with an average of 1.8%. Exclud-

ing C. diffusa, the pairwise distance range was
0.0-1.5% with an average of 0.9%. Within the C.

pungens-C. robusta complex, the average pairwise

distance was only 0.2% with some individuals of

C. pungens var. pungens and C. robusta var.

robusta having identical sequences.

ITS Phylogeny

The maximum parsimony (Fig. 2) and neigh-

bor-joining (Fig. 3) consensus trees were con-

structed using ITS sequences from four individ-

uals each of Chorizanthe pungens var. pungens
and C. robusta var. robusta, two from each of the

remaining Pungentes taxa, and one from C.

douglasii. Increasing the number of individuals

had no significant effect on the topology of either

tree.

Similar topologies were observed in both trees

with all members of subsect. Pungentes (except

Chorizanthe diffusa) falling within Clades A and
B. In both analyses there was very strong

bootstrap support for an early divergence of C.

diffusa. In the neighbor-joining tree the long

terminal branches in individuals from the two C.

diffusa populations were caused by eight base

substitutions.
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Fig. 3. Neighbor-joining bootstrap consensus tree of the complete ITS-1/5.8S/1TS-2 sequence. Numbers at

branches are bootstrap values based on 1000 replicates with values below 50% omitted. Population and specimen
number are in parentheses (see Table 1).

Clade A consists of Chorizanthe howellii and C.

valida, two of the most northerly members of
subsect. Piingentes. In Clade B of both phylog-
enies C. doiigkisii, C. cuspidcita var. villosa and C.

angustifolia diverged earlier than C. cuspidcita

var. cuspidata and the C. pungens- C. robusta

complex. All Clade B taxa have ranges south of
the Clade A species except for C. cuspidata var.

villosa at Point Reyes which is adjacent to the

only extant population of C. valida.

In both the maximum parsimony and neigh-

bor-joining analyses, the Santa Cruz Mountain

varieties of the Chorizanthe pungens-C. robusta

complex (C. pungens var. hartwegiana and C.

robusta var. hartwegii) fall within a separate

group from the coastal/coastal terrace members
of the complex (C. pungens var. pungens and C.

robusta var. robusta). The maximum parsimony
analysis suggests some resolution between C.

pungens var. pungens and C. robusta var. robusta..

but bootstrap support for those branches was
extremely weak (<10%). Sequence similarity (and

often sequence identity) at the ITS locus makes it

impossible to distinguish between some individ-
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uals of C pimgens var. hartwegiana and C.

robusta var. lutrtwegii and also between some
individuals of C. pimgens var. pimgens and C.

robusta var. robusta. It should be noted that the

specimens of C. pimgens var. pimgens and C.

robusta var. robusta used in these phylogenies

were chosen to be representative of the north to

south range of the sampled populations. As with

the two varieties of C. cuspidata, neither the two
varieties of C. pimgens nor the two varieties of C.

robusta, as currently recognized, were found to be
monophyletic by these analyses.

There is weak bootstrap support (<50%) for

some interior branches of Clade B in the

maximum parsimony phylogeny where only 16

parsimony informative sites were found in Clade
B member sequences. Despite the fact that genetic

distances separating all Clade B taxa are small

(<1%), similar branches are better supported in

the neighbor-joining phylogeny, although the

support is still only weak to moderate. Within
Clade B, removal of Chorizanthe doughisii from
the neighbor-joining analysis (not shown) has the

largest positive effect on bootstrap support,

raising the bootstrap value at the initial branch
of Clade B from 58% to 77%.

Separate phylogenetic analyses of the ITS-1

and ITS-2 sequences (not shown) provided some
insight into the generally weaker bootstrap
support for interior branches of Clade B.

Neighbor-joining analysis of the ITS-1 region

(which contains 70% of all variable sites in the

entire ITS-1, 5.8S and ITS-2 sequence) produced
a topology very similar to Fig. 3. However, a tree

based solely on the ITS-2 region was significantly

different with less bootstrap support. An ITS-2
neighbor-joining tree grouped CJiorizanthe an-

gustifoUa, C. pimgens var. hartwegiana, C. robusta

var. hartwegii, C. howellii and C. valida in a clade

with weak bootstrap support (26%). Also, the

ITS-2 tree grouped C. euspidata var. villosa with

C. pimgens var. pimgens, C. robusta var. robusta

and C. euspidata var. euspidata with 56%
bootstrap support whereas the ITS-1 tree pro-

vided 87% bootstrap support for the grouping of
the entire C. pimgens- C. robusta complex with C.

euspidata var. euspidata. In the ITS-2 tree, C.

douglasii diverged after C. diffusa and prior to the

remaining members of Pimgentes.

Chloroplast Haplotype Sequence Variation

GenBank accession numbers of the 26 cpDNA
haplotype sequences (A-Z) identified in 445
individuals from 27 populations of Chorizanthe
in subsect. Pimgentes are provided in Table 2.

Individual sequences ranged in length from
671-687 nucleotides. Manual alignment resulted

in a 715 nucleotide sequence which included nine

indels ranging from 1 15 bases, nine substitu-

tions, and a variable mononucleotide (T/A)

Table 2. GenBank Accession Numbers of
Chloroplast rbc\^-accT> Intergenic Spacer
Haplotypes. 'Haplotypes shared by different taxa

were submitted to GenBank under each taxon's name.
"Outgroup {Eriogomim nudum var. nudum) haplotype.

Haplotype GenBank accession numbers'

A EU794965, EU794983
B EU794966
C EU794967, EU794969,
D EU794973, EU794984,
E EU794974
F EU794970
G EU794975
H EU794976
I EU794977, EU794985
J EU794978, EU794986
K EU794979, EU794987
L EU794980, EU794988
M EU794989
N EU794971, EU794981,
O EU794968, EU794991,
P EU794982, EU794992
Q EU794993
R EU794994
S EU794995
T EU794998
U EU794999
V EU795000
w EU795001
X EU795002
Y EU795003
Z EU795004
ENl- EU795005

repeat ranging from 8-14 bases. Four indels were
unique to single haplotypes (K, M, P, W), two
haplotypes (T, Z) contained two unique indels

each, and two haplotypes (Q, R) shared the same
deletion. Haplotype A was the consensus se-

quence for all haplotypes. Pairwise distances

between haplotypes ranged from 0.0-0.8% with

an overall average of 0.3%.

Statistical Parsimony Network of Haplotypes

A 95% parsimony connection limit of 1 1 steps

was calculated by TCS using a 665 nucleotide

alignment of cpDNA haplotypes where all indels

had been reduced to single mutations. The
mononucleotide repeat was excluded, but its

inclusion did not affect the final genealogy. Due
to extremely minor differences between many of

the haplotypes, this collapsed the number of

unique sequences from 26 to 13. The resulting

haplotype network is shown in Fig. 4. All of the

original haplotypes that are separated by commas
in Fig. 4 were collapsed into a single haplotype

by TCS. For example, Haplotypes B and C
differed only by 1 and 2 additional bases,

respectively, at the mononucleotide repeat rela-

tive to Haplotype A, so elimination of this non-

parsimony informative region from the alignment
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Fig. 4. TCS network of 26 Chorizcmthe cpDNA haplotypes. Highly related haplotypes (separated in the figure by

commas) were collapsed into unique haplotypes after statistical parsimony analysis. Lines represent a single

parsimony-informative mutation. Numbers 1^ were given to each of the four haplotype groups.

collapsed these sequences together. Lines joining

haplotypes represent a difference of a single

parsimony-informative mutation. There were no
missing inteiTnediate haplotypes uncovered by
the analysis. Three of the haplotype groups
(Groups 2-A) branch off from the remaining core

group (Group 1) represented by Haplotypes A, B
and C. Haplotype A was selected by TCS as

having the highest outgroup probability.

A maximum parsimony phylogenetic analysis

(not shown) was consistent with the statistical

parsimony network. Group 4 haplotypes diverged

early in the phylogeny and were separated from
Groups 13 with moderate bootstrap support

(70%). The latter haplotype groups resolved into

two weakly resolved clades (<50% bootstrap

support). One clade contained the Group 1

haplotypes while its sister clade was split into

Group 2 and Group 3 subclades which had 64%
and 65% bootstrap support, respectively.

Haplotype Frequencies and Distributions

Frequencies of the 26 cpDNA haplotypes
found in 27 populations of 1 1 Chorizanthe taxa

are shown in Table 3 (expressed as percentages).

Within the C. pungens-C. robusta complex,
several highly fragmented and very small popu-
lations (<2000 individuals) of C. robusta var.

robusta were fixed at one haplotype (both
Pogonip Park populations, Branciforte, Rodeo
Gulch, and Freedom). The only C pimgens var.

pungens population with a fixed haplotype was at

Zmudowski State Beach. However, the highest

degree of haplotype diversity occurred in popu-
lations just north and south of Zmudowski State

Beach. The foredune (C. pimgens var. pungens)
and backdune (C. robusta var. robusta) popula-
tions of Sunset State Beach had six and seven

haplotypes, respectively, while Salinas River State

Beach (C. pungens var. pungens) had seven.

Fixation was also observed in other subsect.

Pungentes taxa: C. howeUii, C. valida, both
populations of C. diffusa, both populations of

C. angustifolia, and one population of C
euspidata var. vdlosa. The C cuspidata var.

euspidata population at Baker Beach was nearly

fixed at one haplotype.

Fourteen of the 26 haplotypes were found in

only one population each. Of those, Haplotypes
B, F, H, M, Q, S, Y and Z were extremely rare,

collectively representing only 3.6% of all samples

tested. The most widespread haplotypes were D
and J, each occurring in eight populations.

Overall, Haplotype D was the most common
(19.1%), particularly in CJiorizantJie robusta var.

robusta (48.6%) and the single C euspidata var.

euspidata population (94.1%). CJiorizanthe robus-

ta var. robusta and C. pungens var. pungens
displayed the greatest haplotype diversity ( 1 1 and
13 haplotypes, respectively). ChorizantJie houellii,

C. va/ida, C. angustifolia and C. diffusa each had
a single unique haplotype. C/iorizant/ie euspidata

var. villosa had three unique haplotypes.

Haplotype sharing was common in all varieties

of the Chorizanthe pungens-C. robusta complex
and in C euspidata var. cuspidata. Chorizanthe

pungens var. pungens and C. robusta var. robusta

shared seven haplotypes (D, I, J, K, L, N and P),

five of which are found in the Sunset State Beach
populations of each variety. Haplotype A was
shared by C. pungens var. pungens and C. pungens
var. hartwegiana. Chorizanthe robusta var. robus-

ta, C. robusta var. hartwegii, and C. pungens var.

hartwegiana shared Haplotype C while C. pun-

gens var pungens, C. pungens var. hartwegiana,

and C euspidata var. euspidata shared Haplotype
O. Haplotypes D and N also occurred in C
euspidata var. euspidata and C robusta var.

hartwegii, respectively.
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C. howeltii

C. cuspidatavar. viUos,

C. validc

C. cuspidata var. cuspid^i

Fig. 5. Frequency of cpDNA haplotype groups in populations of Cliorizauthe subsecl. Pungcutes taxa.

Haplotypes were assigned to Groups 1-^ by statistical parsimony analysis (Fig. 4). Group frequencies were
calculated from Table 3 data. Pogonip Park and Fort Ord populations are numbered as in Fig. 1.

Haplotypes were grouped according to the

TCS parsimony analysis (shown in Fig. 4). The
haplotype group frequencies were then calculated

for each population and are displayed graphically

in Fig. 5. Taxa outside of the Chorizanthe

pimgens-C. rohusta complex show no phylogeo-

graphic correlation with haplotype groups. How-
ever, within the C. pimgens-C. robusta complex
(Fig. 5 inset). Group 1 haplotypes are much more
prevalent in the Santa Cruz Mountain varieties

(C. pimgeus var. luirtwegiami and C. robusta var.

hcirtwegii). Group 1 extends into one of the most
northerly C. robusta var. robusta populations

(Pogonip Park Population 2). The remaining
inland populations of C. robusta var. robusta are

dominated by Group 2 haplotypes. The two
coastal populations at Manresa State Beach and
Sunset State Beach (backdune) are at this

variety's southern extreme and are the only

populations of C. robusta var. robusta with high

frequencies of Group 3 haplotypes (50 and 77%,
respectively). The northernmost population of C.

pungens var. pungeus begins in the foredune of

Sunset State Beach and consists entirely of Group
3 haplotypes. With the exception of Fort Ord
Population 2 (which is 84% Group 1), the

remaining C. pungens var. pungens populations

are mostly or entirely composed of Group 3

haplotypes. Group 4 haplotypes are relatively

rare except in populations of C. howe/li and C.

diffusa.

Discussion

Phylogeny of Subsect. Pungentes

Reveal and Hardham (1989) considered Chor-

izantJie diffusa to be the primary unit of

Pungentes based on its glabrous flower and
distinct involucral margin. Indeed, both the

maximum parsimony and neighbor-joining phy-

logenetic analyses of the ITS region strongly

support a more ancient divergence of C. diffusa

from the rest of the subsection. The single

cpDNA haplotype (V) found in the two sampled
populations of C. diffusa is unique to that species

and belongs to the less common Group 4

haplotypes which are found in C. howellii and,

to a lesser degree, C. pungens var. pungens and C.

robusta var. robusta.

The other members of Pungentes separate into

two clades in the ITS phylogenies. An early

north-south split is suggested with one lineage

leading to Chorizanthe howeUii and C. valida
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(Clade A). These two species are typically

distinguished from the others in the subsection

by their involucral morphology. Reveal and
Hardham (1989) postulated a hybrid origin of

C. lunvellii based on its apparent tetraploid

chromosome number (Hardham 1989) and spec-

ulated that one of the parents was C. cuspkkita

var. villosa or perhaps C. valida. The ITS
phylogeny is more supportive of C. valida as a

prospective parent. The cpDNA data do not shed

light on this matter since all three of these entities

have haplotypes which fall into different groups.

Clade B has lower bootstrap support in the ITS
phylogenies than Clade A, especially in the

maximum parsimony analysis. However, the

maximum parsimony tree provides a similar

Clade B topology as the more strongly supported

neighbor-joining tree.

Most notable in Clade B is the lack of

monophyly of varieties in three of the species:

Chorizanthe cuspidata, C. pimgens and C. robusta.

Instead of grouping with C. cuspidata var. villosa,

C. cuspidata var. cuspidata groups with the C.

pungens-C. robusta complex and also shares

greatest cpDNA haplotype similarity with C
robusta var. robusta. It was noted in the last

revision (Reveal and Hardham 1989) that spec-

imens from extirpated populations of C. cuspi-

data in Alameda Co. may have been misidentified

as C. robusta. Also, earlier revisions had classified

C. cuspidata var. cuspidata as C pungcns var.

cuspidata (Parry 1884; Jepson 1914). Prior to its

reduction to varietal status (Munz 1958), C.

cuspidata var. villosa was recognized as the

separate species C villosa (Eastwood 1903;

Goodman 1934). Even so, all specimens of C.

cuspidata var. villosa analyzed have Group 2

cpDNA haplotypes as do most C. cuspidata var.

cuspidata and C. robusta var. robusta individuals.

Analysis of more loci will be necessary to resolve

the true phylogenetic relationship between the C.

cuspidata varieties and the C. pungcns-C. robusta

complex.

Current classification of the Chorizanthe pwi-
gens-C. robusta complex is inconsistent with the

ITS phylogeny which shows both species to be
non-monophyletic. The phylogeny, however,
shows a biogeographically consistent pattern in

that the two coastal/coastal terrace varieties of
the complex (C pungens var. pungens and C.

robusta var. robusta) group together while the

two Santa Cruz Mountains varieties (C. pungens
var. hartwegiana and C. robusta var. liartwegii)

form a separate, but closely related group.
Genetic distances between the two groups are

low (<0.4%), suggesting a recent divergence. The
ITS phylogeny of the C. pungens-C. robusta
complex is supported by cpDNA haplotype
distributions as discussed in a later section.

Further investigation into the cause of weaker
bootstrap support for interior branches of Clade

B in the neighbor-joining ITS trees showed that

the ITS-2 region produced a phylogeny different

than ITS-1 especially in the placements of
Chorizanthe douglasii, C. angustifolia and C.

cuspidata var. villosa. The phylogeny derived

from the entire ITS region (Fig. 3) reflects the

greater influence of the more rapidly evolving

ITS-1 sequence and provides a better supported
and more phylogeographically consistent tree

than the ITS-2 region. Soltis and Kuzoff (1995)

also found different evolutionary rates for ITS-1

and ITS-2 regions in the Heuchera group which
affected placement of taxa when analyzed sepa-

rately.

Haplotype Analysis and Phylogeography of the

Chorizanthe pungens-C. robusta Complex

In our study, phylogenetic resolution at the

chloroplast locus was limited because of a low
mutation rate at the cpDNA rbcl^-accX^ inter-

genic spacer and incomplete lineage sorting (42%
of cpDNA haplotypes were not species-specific).

Ancestral haplotypes can be maintained through
multiple speciation events and therefore be
inherited through multiple lineages (Madison
and Knowles 2006). Such a mechanism has been
invoked to explain cpDNA/ITS gene tree dis-

crepancies in Coreocarpus (Kimball et al. 2003)

and Senecio (Comes and Abbott 2001). In the

latter study, ancestral haplotypes may have been
maintained for 0.4-1.0 million years and, as a

result, only a small percentage of the haplotypes

were diagnostic for species.

Traditional methods of phylogenetic recon-

struction rely on assumptions that do not
necessarily hold at the population level where
sequence divergence is often low and ancestral

haplotype frequencies are high (Crandall and
Templeton 1993; Huelsenbeck and HilUs 1993).

Network representations have been developed to

provide genealogical reconstructions which take

into account such population level phenomena
(Templeton et al. 1992; Excoffier and Smouse
1994). TCS statistical parsimony analysis (Clem-
ent et al. 2000) has been used in several

phylogeographical studies to create genealogical

networks of cpDNA haplotypes as an alternative

to the construction of traditional phylogenetic

trees (Grivet and Petit 2002; Honjo et al. 2004;

Jakob and Blattner 2006; Gonzales et al. 2008;

Tan et al. 2008; Yamanaka et al. 2008; Fehlberg

and Ranker 2009; Wang et al. 2009).

By grouping highly similar cpDNA haplotypes

together, TCS analysis uncovered significant

phylogeographic structure in the Chorizanthe

pungens-C. robusta complex despite some incom-
plete lineage sorting or reticulation, most notably

among Group 1 haplotypes which appear in all

four varieties of the complex. The limited number
of mutational events connecting all haplotypes in
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the four haplotype groups, and the fact that there

are no missing intermediate haplotypes, reinforc-

es how recently divergent the Pungentes taxa are.

Coalescent theory suggests that ancestral

haplotypes should have interior positions in the

genealogical network and occur at high frequen-

cies (Crandall and Templeton 1993). Although
the Group 2, 3 and 4 haplotypes radiate from
Group 1, the frequency of Group 1 haplotypes is

high only in the Santa Cruz Mountains varieties

and in one Fort Ord population of the Chor-

izanthe pungens-C. robusta complex. The most
widely spread haplotypes in Pungentes species are

in Group 4. Like Group 1 haplotypes they do not

appear at a high frequency across the subsection,

but Group 4 haplotypes diverge early in a

maximum parsimony phylogenetic tree. Consid-

ering the sequence similarity between all haplo-

types (and the possibility of homoplasic muta-
tions) we are hesitant to speculate as to the

identity of ancestral haplotypes.

The geological history of Central California is

too complex to easily track the migration of

populations in the ChorizcmtJie pungens-C. robus-

ta complex, but there is some indication in the

cpDNA data that plants moved south to north,

as more haplotype diversity is found in the

southern populations. Some Group 1 haplotypes

are shared between southern Monterey Bay and
Santa Cruz Mountains populations that are not

found in the intermediary coastal C. robusta

populations, so plants may have radiated both up
the coast from the Monterey area as well as from
an inland approach into the Santa Cruz Moun-
tains, perhaps via the Salinas Valley where an
ancient dune field was connected to the still

preserved relict dunes of Fort Ord (Smith et al.

2005). This will have to remain an open question

unless C. pungens var. pungens from rare popu-
lations in the Salinas Valley can be found.

However, many of these populations might be
extirpated, leaving only very old herbarium
specimens for future analysis.

The cpDNA analysis, while not providing

independent verification, does not contradict the

ITS phylogeny which suggests that the Santa
Cruz Mountain varieties and the coastal/coastal

terrace varieties of the complex diverged from a

common ancestor. The Group 1 haplotype in the

Pogonip Park 2 population of CJwrizanthe
robusta var. robusta near its northern extreme
could point to an ancestral biogeographical

connection with the montane varieties which are

dominated by the Group 1 haplotypes. It is not

obvious from the data whether this C. robusta

var. robusta haplotype, unique in the Pogonip
Park 2 population, is an artifact of incomplete

lineage sorting (as is probable with the Group 1

haplotypes in southern C. pungens var. pungens
populations) or is due to hybridization with a

montane population. The latter explanation is

supported by the fact that this population has a

high percentage of pinkish flowers which is

common in the montane varieties but less so in

the general population of C. robusta var. robusta.

Group 2 haplotypes were most likely fixed in

the mid-range populations of Chorizanthe robusta

var. robusta through genetic drift. The clinal

transition from Group 2 to predominately Group
3 haplotypes in the southern C. robusta var.

robusta populations argues for an extremely close

relationship to C. pungens var. pungens where
Group 3 haplotypes predominate, especially at

the northern extreme of its range where it

overlaps with the southernmost population of
C. robusta var. robusta. In this area of overlap

there is also less morphological distinction

between the two. One exception is C. robusta

var. robusta from Manresa State Beach (and from
one area at the north end of Sunset State Beach).

These plants are consistently so large they could
never be confused with any of the other known
populations.

A possibility that needs to be examined further,

especially in hght of the genetic similarity of these

two varieties, is that the larger Chorizanthe robusta

var. robusta may have arisen from genome
duplication in C. pungens var. pungens (Reveal,

Cornell University, personal communication).
Polyploidy would thereby act as a reproductive

barrier between the two varieties despite their

close proximity in foredune and backdune habitat

at Sunset State Beach. Karyotyping has been
performed on many Chorizanthe species (Hard-

ham 1989) but not C. robusta var. robusta.

Possible Taxonomic Revisions

As alluded to earlier, there is a long history of

disagreement regarding the classification of the

Chorizanthe species and varieties that are now
included in subsect. Pungentes (see Reveal and
Hardham 1989; Reveal and Morgan 1989; Ertter

1996). The subsection was named by Goodman
(1934) who assigned to it C pungens, C. howelUi,

C. valida, C douglasii, C. steUulata, C. vi/Iosa, C.

angustifolia, C. euspidata, C. diffusa and C
robusta. His revision was a marked departure

from that of Jepson (1914) who suggested that

the latter three species be reduced to varieties

under C. pungens. Subsequent revisions reduced

C. villosa to a variety of C. euspidata (Munz
1958), removed C douglasii and C. stellulata to

the new sister subsection Legnota (Reveal and
Hardham 1989), and added the hartwegiana

varietal to C pungens (Reveal and Hardham
1989) and the hartwegii varietal to C. robusta

(Reveal and Morgan 1989). The ITS sequence

phylogeny does not fully support any of these

classification schemes.

Based solely on the ITS data, one could

reasonably collapse all of the current Chorizanthe
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pimgens-C. robusta complex into varieties of C.

pungens, the species having taxonomic precedence

(Bentham 1836). Such a revision would not be a

departure outside the limits of previous classifi-

cations. The cpDNA data, despite evidence of

incomplete lineage sorting, show many shared

haplotypes and clinal haplotype distributions

between these varieties which are indicative of a

close evolutionary relationship and generally

supportive of the ITS phylogeny. Final resolution

of the classifications of the two varieties of C.

cuspidata will require more analysis, but in Hght

of the current data and the historical treatment of

these varieties the validity of C. cuspidata as a

species designation should be reexamined.

Although we focused on subsect. Pungentes,

two observations suggest that a phylogenetic

reevaluation of sect. Ptelosepala is in order. First,

because of its genetic distance from the rest of the

subsection, it is possible that Chorizauthe diffusa

belongs in another subsection. Second, analysis

of the single C. douglasii specimen (currently in

subsect. Legnota) places it within the main group
of Pungentes species. An analysis of C. stellulata

will need to be performed to detemiine whether

one or both of these members of subsect. Legnota

should be returned to Pungentes.

During the course of this study, we confirmed

by ITS sequencing that an erect form of

Chorizanthe (mistakenly identified as C. roliusta

var. rohusta) at Point Reyes National Seashore

was, in fact, C. cuspidata var. villosa which is

endemic to the area. The confusion most likely

arose from microhabitat differences as these

plants were in sheltered areas off the coast. Also,

C. cuspidata var. villosa has Group 2 cpDNA
haplotypes (X, Y and Z) which are very similar to

those found in the Santa Cruz Co. C. rohusta var.

robusta and the Baker Beach C. cuspidata var.

cuspidata. This may explain morphological sim-

ilarities especially when combined with variations

in habitat.

Implications for Conservation and Management

In a recent recovery plan (U.S. Fish and
Wildlife Service 2004), Chorizanthe robusta var.

robusta populations were grouped into four

geographic recovery units (Point Reyes, Northern
Santa Cruz, Aptos and Southern Santa Cruz).

Based on our cpDNA haplotype data, the Aptos
Recovery Unit (which includes the Freedom
population in this study) could be combined with

the genetically similar Northern Santa Cruz
Recovery Unit (which includes the Pogonip and
Branciforte populations). The Point Reyes Re-
covery Unit should be omitted entirely based
upon our analysis of the ITS region from several

putative Point Reyes C. robusta var. robusta

specimens, all of which had the same sequence as

C. cuspidata var. villosa that is endemic to the

area. Removal of the Point Reyes Recovery Unit

will have a significant impact on the estimate of

C. robusta var. robusta plants.

Classifying populations of recently evolved

taxa for the purpose of protection and manage-
ment can be difficult if not impossible (Ertter

1997), as was chronicled by Ertter (1996) who
described the process which led to the listing of

the entire Chorizanthe pungens-C. robusta com-
plex (U.S. Fish and Wildlife Service 1994) despite

the inability of experts to come to a consensus on
classification. This decision has provided a high

degree of protection to a group that has long

been an important component of coastal ecosys-

tems and has conserved populations that have
radiated into new habitats or persisted as habitats

changed.

Although the current study has shed light on
the evolutionary relationships of species in

subsect. Pungentes, it has raised questions about
others. However, our results support and high-

light that subsect. Pungentes is indeed a group
with a high degree of evolutionary adaptation

and recent change. There are a number of

populations that are in geographically close, yet

ecologically different, habitats. These plants

exhibit sometimes minor morphological and
genetic differences—attributes helpful in adapt-

ing to changing environments. Consequently, our

results support the current practice of protecting

multiple small and often genetically diverse

populations.
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Abstract

The Emerald Lake Basin forms a subalpine watershed in the upper drainage of the Marble Fork of
the Kaweah River in Sequoia National Park. The basin is 120 ha in area and covers an elevational

range from 2804 m at Emerald Lake to 3416 m at the summit of Alta Peak. The flora of the basin

includes 202 vascular plant species, distributed into 132 genera and 41 families, with the Asteraceae

(25 species) and Poaceae (23 species) as the largest families. Herbaceous perennials make up about
three-fourths of the flora, but unlike alpine habitats many of these are relatively tall upright species,

particularly in wet habitats. The woody plant flora includes five tree species, all conifers, with Piims

iiionticoki as the dominant. There are 19 species of woody shrubs present, including six evergreen and
13 winter deciduous species. Eight plant habitat types were delineated on the basis of geomorphic
position related to soil conditions and water availability that influence species composition (Billings

1974). These were subalpine conifer forest, willow thicket, wet meadows, moist rock crevices, dry

meadows, dry rock crevices, colluvium, and fellfields.

Key Words: Fellfield, Piuus jeffreyi. Sierra Nevada, subalpine flora, subalpine vegetation.

Subalpine and alpine basins of the Sierra

Nevada provide important ecosystems not only

for their biodiversity but also for monitoring
environmental impacts of global change resulting

from higher temperatures, altered patterns of

snowmelt, and the deposition of anthropogenic

nitrogen and phosphorus. These high mountain
systeins are sensitive to small changes in growing
season conditions of temperature and water
availability (Bowman and Saestedt 2001; Malan-
son et al. 2007). Additionally, there is Httle

potential for nitrogen uptake by the limited

vegetation cover growing on shallow granitic

soils and the short growing season. Low levels of

nitrogen sequestration and deposition of anthro-

pogenic nitrogen onto the winter snowpack
produces pulses of nitrogen associated with

snowmelt into aquatic systems, and thus an early

warning indicator of nitrogen saturation for

downstream forested basins (Sickinan et al.

2003b; Williams et al. 1995). The EiTierald Lake
Basin in Sequoia National Park provides an
excellent case study for ecosystem stabihty in a

small subalpine watershed. The Emerald Lake
Watershed Study (1984-1989) was organized by
the California Air Resources Board as a means of

better understanding the influence of atmospheric

inputs of nutrients to basin processes and
ecosystem structure (Tonnessen 1991). These
studies have provided detailed and in many cases

long-term continuing databases to understand
hydrologic flow and water balance (Kattelmann
and Elder 1991), nutrient enrichment (Sickman et

al. 2003a, b), solute chemistry of snowmelt and
runoff (Williams and Melack 1991), nitrogen

fluxes and transformations (Williams et al. 1995),

and long-term models of hydrochemical respons-

es (Wolford et al. 1996; Meixner et al. 2004). Our
objective in this paper is to describe the floristic

diversity of the Emerald Lake Basin and to

characterize the mesotopographic distribution of

plant communities within the basin.

Materials and Methods

Study Site

The Emerald Lake watershed comprises a

rugged basin about 120 ha in area in the upper
drainage of the Marble Fork of the Kaweah
River above Tokopah Falls in Sequoia National

Park (36 35'49"N lat., 118 40'30"W long.). The
basin is roughly triangular in shape trending

northwest to southeast, with elevations ranging

from 2804 m at Emerald Lake at the lower end of

the basin to the apex of the triangle at the summit
of Alta Peak at 3416 m (Figure 1). Two spurs

emanating fi-oin Alta Peak form ridges along the

southern and northeastern boundaries of the

drainage, while the lower drainage boundaries are

open to the northwest.

The Emerald Lake Basin is a glacial cirque,

carved from granitic parent material. Bedrock
exposed by glacial scouring and frost action

covers nearly half of the basin surface, with the

remaining half covered by talus and thin soils in

approximately equal proportions (Sisson and
Moore 1984; Tonnessen 1991). Exposed rock

faces in the basin contain many smaller fracture

joints, providing cracks where residual soils can
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Fig. 1. The Emerald Lake Basin, Sequoia National Park, California. Emerald Lake at the lower margin of the

basin lies at 2804 m elevation while Alta peak at the southeast corner is the high point at 3416 m. Map by T.

Meixler and used with permission.

collect. The basin is typical of many subalpine

and alpine lake basins in the Sierra Nevada with

its weakly buffered calcium bicarbonate surface

waters (Wilhams and Melack 1991).

Median slope angles in the basin are about 30 ,

but many of the upper slopes are considerably

steeper. A major fracture in the granite forms a

large joint that extends across the lower eleva-

tions of the basin in a southwest to northeast

direction. Emerald Lake itself, 2.7 ha in area, is a

tarn foiTned by glacial quarrying of fractured

rock along this joint. There is a smaller lake at

2963 m elevation above Emerald Lake near the

geographical center of the basin.

The climate of the Emerald Lake Basin is

typical of the Mediterranean-type regime of the

southern Sierra Nevada, with 75-90% the annual
precipitation falling as snow in the winter months
(Stephenson 1990). For Emerald Lake, rainfall

comprises only about 10% of annual precipita-

tion and occurs predominantly in the autumn.
There are limited long-term data on precipitation

levels present in the basin. Mean annual precip-

itation is about 1600 mm, but amounts are highly

variable between years (Sickman et al. 2003a).

Emerald Lake is typically covered by ice from
November to June or July. Snowmelt typically

begins in April with peak discharge typically

occurring in June (Sickman et al. 2003b).
Summers are generally dry except for an occa-

sional convective storm associated with mon-
soonal air masses from the east.

Field Studies

The field studies collecting the data presented
in this paper were carried out between June and

September in 1984, 1985, and 1987. Over this

period all parts of the basin were repeatedly

visited to provide as complete an assessment as

possible of the vascular plant flora. These field

studies identified, characterized and mapped a

series of plant communities determined by a

combination of their physiographic position

within the watershed, soil accumulation, and
seasonal water availability. These communities
broadly resemble the mesotopographic gradient

of alpine vegetation described by Billings (1974).

Each of these communities had distinctive

floristic and plant life-form dominance. No
attempt was made to assign these communities
to previous classifications of subalpine and alpine

vegetation alliances and associations for the

Sierra Nevada (see Sawyer and Keeler-Wolf
2007) as these applied relatively poorly to the

Emerald Lake Basin because of broad ecotonal

gradients between communities. Representative

biomass samples were collected from each
community and a complete census and diameter

measurement of all trees in the basin was
completed.

The scientific names used in this paper follow

those of The Jepson Manual (Hickman 1993),

with the exception of the familial classification

where the Liliaceae and Amaryllidaceae are

treated as separate famihes here.

Results

Flora

The fiora of the Emerald Lake Basin includes

202 vascular plant species, distributed into 130

genera and 42 families (Table 1 ). The largest
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Table 1 . Summary of the Flora of the Emerald
Lake Basin, Sequoia National Park, Sierra
Nevada, California.

Division Families Genera Species

Pteridophyta 4 10 11

Coniferophyta 1 2 5

Dicotyledonae 32 93 139

Monocotyledonae 5 25 47

Total 42 130 202

family present is the Asteraceae with 25 species,

followed in order by the Poaceae (23 species),

Scrophulariaceae (16 species), Cyperaceae (12

species), and Rosaceae (11 species). These five

families comprise 44% of the total flora. Notable
is the absence of any species of Fabaceae, as other

alpine floras typically have this family well

represented (Rundel et al. 2008). At the generic

level, Carex forms the largest group with 10

species. Other genera with four or more species

include Mwndus (6 species), Epilohiwn (4 spe-

cies), and Saxifvaga (4 species).

The Pteridophyta are represented by 1 1 species

in the basin, all herbaceous perennials (Table 1,

Appendix 1 ). The ferns are most important in wet

meadows and mesic rock crevices where Crypto-

gaumia acrosticlioides. Atliyriuni alpestre, Cystop-

teris frcigilis, and Woodsia scopidoruni are all

common. Other pteridopytes are more typical of

dry meadows and dry rock crevices, as with

Aspidotis denscu Pellaea bridgesii, and Selaginella

watsonii. Ferns also are common in colluvial

habitats, as described below.

Five species of coniferous trees are present in

the basin (Table 1, Appendix 1), with four of

these pines. More than 70% of these trees are

Pinus numticola, with Pinus coutorta subsp.

niurrayaua and P. balfouriana ssp. austrina

comprising 17% and 9.5% of the trees respective-

ly. Only a few individuals of Pinus jejfreyi and
Abies luagiiifica var. sluistensis are present.

Angiosperms form more than 92% of the basin

flora, with a total of 186 species (Table 1). Dicots

include three-fourths of the angiosperm total (139

species), while monocots provide the other

quarter (47 species). Among the latter, graminoid
life forms of grasses, sedges, and rushes form the

dominant element.

Life Forms

Woody plants make up only a moderate
proportion of the flora of the Emerald Lake
Basin. As described above, there are five species

of evergreen trees present, all conifers. There are

19 species of woody shrubs present, 9% of the

flora, with six of these evergreen shrubs and the

other 13 species as winter deciduous shrubs

(Appendix 1). The evergreen shrubs include five

species of Ericaceae and Fagaceae

—

Arctostaph-

ylos nevadensis, Chrysolepis sempervirens, Kalmia
polifolia. Ledum glandulosuni, and Phyllodoce

breweri. The first two of these are largely

restricted to growing within the open pine stands

of the basin. Kalniia po/ifolia is found in willow
thickets and wet meadows, while L. gkmdulosum
and P. breweri can be found in a variety of
communities. The sixth species of woody shrub,

barely qualifying beyond being a subshrub, is

Eriogouuni \vriglitii (Polygonaceae), a low-grow-
ing dry meadow species.

The most prominent deciduous shrub in the

basin is Salix orestera, which forms extensive

willow thickets. A number of other deciduous
shrubs are less abundant and generally exhibit a

lower stature. These include five species of
Rosaceae

—

Anie/anchier utahensis, Holodiscus mi-

crophyl/us, Pnmus eiuarginata, Sorbus ealifornica,

and Spiraea densijlora. Also present are Lonicera

conjugialis, L. involucrata, and Sambucus race-

mosa (Caprifoliaceae), Ribes eereum and R.

inontigenuni (Grossulariaceae), Jamesia america-

na (Philadelphaceae), and Aeer glabruin (Acer-

aceae).

An additional eight species (4% of the flora) in

the basin can be classified as suffrutescent

subshrubs. These are Aster breweri and Erica-

irieria discoidea (Asteraceae), Epilobium canum
(Onagraceae), Leptodactylon pungens, and Phlox

diffusa (Polemoniaceae), Primula suffrutescens

(Primulaceae), and Penstemon newberryi (Scro-

phulariaceae). These subshrubs are most charac-

teristic of more xeric habitats such as pine forests,

dry meadows, dry rock crevices and colluvial

sites.

The overwhelming life forms for floristic

dominance in the basin are herbaceous perenni-

als, which comprise three-fourths of the total

flora. These are species that characteristically die

back to ground level at the end of each growing

season. Within this broadly defined category are

rosettes, broad-leaved tussocks, perennial grami-

noids, geophytes, mats and cushions, and bien-

nials. The 156 species of herbaceous perennials

include 1 1 pteridophytes, seven monocot geo-

phytes, 39 graminoids, and 98 herbaceous peren-

nial dicots. At the subalpine elevations of the

Emerald Lake Basin, many perennial dicot

species are upright and relatively tall, in contrast

to low-growing species that characterize the

alpine environments.

The seven species of geophytes present are in

the Amaryllidaceae and Liliaceae {Allium cf.

campauulatum, A. obtusunu Fritillara pinetorum,

Lilium kelleyanunu SmUacina racemosa, Veratrum

califoruicum, Zygadenus veneuosus). Six species of

herbaceous perennials are hemi-parasites. These

are Castilleja applegatei, C. miniata, C. nana,

Pedieularis atollens, and P. semibarbata (Scro-

phulariaceae), and Orobanclie uniflora (Oroban-
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chaceae). Pterospora andronieciea (Ericaceae) is a

"saprophyte", epiparasitic through fungal myce-
lium on vascular plant roots.

Annual plants are infrequent in the basin, with

14 species comprising 7% of the flora. Annuals
present at Emerald Lake are Gnaphaliuni palustre

(Asteraceae), Cryptcmthci sp. (Boraginaceae),

Cuscuta califomica (Cuscutaceae), Phacelia eisc-

nii (Hydrophyllaceae), Gayophyton liuniile (Ona-

graceae), Gilia capillaris and Linantlius ciliatus

(Polemoniaceae), CoUinsia torreyi, Muiiulus bre-

\ven\ M. laciniatus, and M. whitneyi (Scrophular-

iaceae), Galium hifolium (Rubiaceae), Saxifraga

bryophora (Saxifragaceae), and Muhlenbergia

filifovnus (Poaceae). Cuscuta califomica is an

annual parasitic vine. The annual flora is most
apparent in dry meadow habitats, although there

are certainly conspicuous species present in both

wet meadows and wet rock crevices.

Vascular Plant Communities

Subalpine conifer forest. Although scattered

conifers, particularly pines, are widespread in the

Emerald Lake Basin, an open community of

subalpine conifer forest is well developed only in

a small area in the extreme northeast corner of

the basin near Emerald Lake. The four conifers

species present in this community are Pinus

jeffreyi. Abies magnifica, Pinus niontico/a, and a

few individuals of Pinus contorta subsp. niur-

rayana. The thin soils of the pine sites are sandy
in texture and very poor in organic matter,

allowing these soils to dry quickly in the summer
when snowmelt ceases. This condition may
account for the relatively small number of
species, 30 in total, encountered in this commu-
nity.

Beyond this small area of conifer forest,

scattered individuals of Pinus monticola are

widespread on the mesic benches of the south-

west-facing slopes of the basin. In addition to

these southwest-facing slopes, P. monticola also

occurs as scattered trees on relatively flat dry
meadows below the cirque of Alta Peak. There
are several areas of the basin where P. monticola
appears to be slowly expanding its range by
colonizing dry meadows and dry crevice habitats.

A fifth conifer, Pinus balfouriana subsp. austrina,

is restricted to a relatively small area on the ridge

running along the south- and southwest-facing
margin of the basin.

The understory of the conifer forest stands is

typically dominated by Chrysolepis sempervirens,

which locally exhibits ground cover up to 80-

100%. In more open forest stands, there is a low
cover of dry meadow herbs, most notably Ivesia

santalinoides and Achillea millefolium. On the

lower slopes of the basin, the stands of C.

sempervirens mix with Phyllodoce breweri at the

margins of dry meadow habitats. Also present in

these stands are Arctostaphylos nevadensis, Ame-
lanchier utahensis, Prunus emarginata. and Sorbus

califomica.. Although Lonicera conjugialis may be

present, it is more common growing along wet
rock crevices. None of the conifer forest commu-
nities has a unique herbaceous flora, with those

species present also typical of dry meadow
habitats.

Willow thicket. Willow thickets are widespread
across the Emerald Lake Basin and dominate
significant areas of the basin. Along with Salix

orestera, the indicator species, there are a

characteristic set of understory shrubs and herbs,

which typically cover 100% of the ground
surface. Characteristic species include ericaceous

shrubs such as Ledum glandulosum, Kalmia
polifolia, Phyllodoce breweri, and Vaccinium
nivictum. Tall herbs present include Senecio

triangularis, Epilobium angustifolium, Lilium kel-

leycmunu Ligusticum grayi, and Calamagrostis

canadensis. The high productivity of leaf litter in

this habitat has lead to the development of thick

and hydric organic soils. The willow thicket

community typically intergrades to wet meadow
communities around its margins. During our
study we observed that willows appeared to be

colonizing wet meadow and wet rock crevice

habitats in several areas. With a dominance of

woody plant cover and associated tall herbaceous

perennials, the species richness of willow thickets

is relatively low. Only 28 species were encoun-
tered.

Wet meadows and moist rock crevices. Wet
meadow and moist rock crevice communities
form diverse habitats in the basin, and exhibit a

number of distinctive associations. These associ-

ations are typically distributed in relatively flat

areas on west-facing slopes above Emerald Lake
where soils accumulate to moderate depths and
remain moist for much or all of the growing
season. Variations in soil texture, soil organic

matter content, and soil moisture dynamics
appear to be the primary physical factors

separating different wet meadow associations.

The largest areas of wet meadow habitat are

located high in the basin, adjacent to and above
Parson's Pond, where snowmelt keeps the soils

saturated well into the summer. Other large areas

of wet meadows occur on a bench running
southwest from the major area of Pinus mon-
ticola, and adjacent to willow thickets along the

main drainage of the basin.

The high species richness of wet meadows and
moist rock crevices, with 105 species present,

makes for a large number of indicator species.

The most important of these for wet meadows are

Senecio triangularis, Calamagrostis canadensis,

Carex spectabilis, C. nigricans, Vaccinium nivic-

tum. Aster alpigenus, Dodecatheon Jeffreyi, D.

subalpinum, Eriophorum criniger, Juncus merten-
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siamis, and the moss Polytrichum Jimiperiiiuni.

Areas with saturated soils in early summer often

support stands of tall herbs such as Veratrwu

califomicum, Mertensia ciliata, Sphenosciadiimi

capitellatum, and Helenium bigelovii.

Although there is a significant overlap of wet
meadow species with those of dry meadows, a

condition not surprising in view of community
gradients of moisture availability and soil depth,

the high cover of wet meadow associations is

often but not invariably a distinguishing feature.

In some areas, wet meadows grade gradually into

willow thickets, while other areas exhibit a

transitional association between wet and dry

meadows formed by a heather turf occurring in

the granitic joint along the east face of the basin.

This latter community is dominated by PJiyllo-

doce breweri, with Vaccimiini uivictiim, Jimcus

parryi and several dry meadow herbs as associ-

ated species. While P. hrewcri is widespread

across many habitats in the basin, only in this

area does it form the dominant groundcover.

Moist rock crevice communities are concen-

trated on the east face of the basin, on benches

along the major joint area, and in various pockets

of rocky talus. These are areas below wet
meadows that provide sufficient moisture inputs

to support the growth of mesic shrubs and herbs.

While plants cover the total surface along these

moist crevices, the crevices themselves cover less

than 5% of the rock surface where they occur.

Characteristic species in these habitats include

Scmibucus racenwsa, Lonicera involucrata, Mer-
tensia cilia ta, Aquilegia pubescens, and Thalictrwu

fendlevi. Although plant cover over the crevices

themselves is virtually 100%, only about 5% of

the rock faces provide crevice habitats.

A related habitat includes a group of species

that grow among large boulders 1~3 m in

diameter in slide areas which maintain moist

soils throughout the summer. In addition to the

species above Lonicera conjugialis, Aquilegia

forniosa and Helenium bigelovii are commonly
present, while smaller herbaceous perennials are

largely absent.

Dry meadows and dry rock crevices. Dry
meadow associations occupy a relatively large

area of the Emerald Lake Basin, most notably in

the relatively flat plateau and benches below the

northeast ridge and boundary of the basin. In

these sites, soils are formed of shallow layers of

decomposed granite with low organic matter, and
typically dry early in the growing season as

indicated by the early senescence of herbaceous
species. There are also significant areas of dry

meadow northeast of Parson's Pond, adjacent to

the stand of Pinus monticola in the northeast

corner of the basin, in the northeast fault area,

and in small, scattered areas of relatively flat

topography on south-facing slopes.

The overall diversity of dry meadow and dry
crevice associations is surprisingly high, with 84
species encountered. Indicator species for the dry
meadow habitats include Ivesia santalinoides,

Juncus parryi, Dicentra nevadensis, Eriogonum
incanum, Calyptridium umbellatum, Sedum obtu-

satum, and grass species such as Achnantherum
occidentale and Muhlenbergia filiform is. The
density and cover of dry meadow associations is

highly variable, with moisture relations a critical

factor (Klikoff 1965; Burke 1982; Benedict 1983).

Much of the area of dry meadows has only 20-
25% plant cover, although the dry meadow
northeast of Parsons Pond has 50% or more
cover. Small stands of Dicentra nevadensis high

on the east slope of the basin approach 100%
groundcover.

Dry rock crevices are widespread all across the

fractured areas of granite faces in the Emerald
Lake Basin, but highly diffuse in coverage and
account for only a very small total area. These
habitats, usually relatively narrow cracks no
more than 50 cm wide, support a number of
specialist species as well as herbaceous perennials

common to dry meadows. While these crevices

appear dry at the surface, the presence of

suffrutescent perennials suggests good water
availability deep in the crevices. The characteris-

tic dry crevice species include Penstemon new-

berryi, Holodiscus microphyllus. Spiraea densi-

flora, and Sedum obtusatum. Eriogonum nudum,
Ivesia pygmaea and a variety of dry meadow
herbs may also be present but are eclipsed in

coverage by the larger shrubs. As with the wet
rock crevices, plant cover is often close to 100%
along these cracks, but these crevices cover no
more than 5% of the rock surface.

Colluvium. The colluvium association occurs in

a few steeply sloped areas along the fault trace on
the southwestern boundary of the basin and in

two smaller areas to the south where large

boulders change to smaller granitic boulders

0.3 1.0 m along their major axis. The 26 species

present occurred in areas with shallow soil

development between the boulders. Most of the

highly heterogeneous plant cover, which averaged

about 25% of ground surface, was composed of

small herbaceous perennials up to 20 cm in

height. Species which dominated this habitat both

in abundance and cover were Senecio fremontii,

Eriogonum incanunu Carex lanuginosa. Phlox

diffusa, and Erysimum capitatum. The first of

these is particularly important, making up a

major part of the cover. Two pteridophytes,

Cryptogramma acrostichoides and Selaginella

^vatsonii, grow along the margins of the boulders

and provide significant cover. Two species,

Primula suffrutescens and Anaphalis margarita-

cea, appear to be restricted to the colluvium

habitat.
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Fellfields. Relatively little area of alpine fell-

field is present in the Emerald Lake Basin. This

community is found at high elevation on a

plateau below Alta Peak, a site with Finns

balfouricma on a north-facing slope overlooking

Pear Lake. Compared to the colluvium habitat,

the fellfield has a ground surface scattered with

smaller granite rocks and a large area of exposed

soil. Unlike the colluvium habitat where plants

have colonized virtually all of the available areas

of bare soil, this fellfield is very sparsely vegetated

and low in diversity. Nowhere is plant cover

greater than about 10%, with a typical cover

closer to 5%. Seven species were encountered

here

—

Chaenactis a/pigena, Carex hellen\ Ranun-

culus escsc/ioltzii, Minuartia nutta/lii\ Eriogonuni

incanuni, Saxifraga tobniei and Trisetuni spica-

tuni. The first two of these were encountered

nowhere else in the basin.

Discussion

The relatively large species diversity of the

Emerald Lake Basin is consistent with similar

levels of diversity reported for other high Sierra

Nevada basins. Burke (1982) reported the pres-

ence of 277 plant species in the Rae Lakes Basin

which covers approximately 6 km- with eleva-

tional ranges from 3046^040 m. Cheng (2004)

provided summary descriptions of U.S. Forest

Service Research Natural Areas in the central

Sierra Nevada that included subalpine meadow
and alpine talus and scree slope communities.

Three of these, Clark Fork (1869 3826 m eleva-

tion, 874 ha). Highland (2650-2815 m elevation,

178 ha), and Snow Canyon (2499 3001 m eleva-

tion, 285 ha) contained 227, 200, and 223 taxa,

respectively. These levels of biodiversity can be

explained only partially by the elevational gradi-

ents included within the basins. More important
is the diversity of habitat conditions present

despite a low level of plant cover and biomass.

The relative abundance of woody species in the

Emerald Lake Basin provides evidence of the less

stressful conditions of this subalpine area com-
pared with true alpine communities where shrub
species are rare (Rundel et al. 2008). Neverthe-
less, herbaceous perennials do form the largest

life form in the flora as they do in alpine habitats.

In both subalpine and alpine habitats, herba-

ceous perennials have the characteristic of
maintaining large proportions of total biomass
belowground where they play an important role

in carbohydrate storage over the winter months
(Mooney and Billings 1960; Billings 1974; Rundel
et al. 2005).

Interesting among the Poaceae in the Emerald
Lake Basin is the presence of three species of
Muhlenbergia, grasses with C4 metabolism. These
include two perennial and one annual species.

Although C4 metabolism in grasses is normally

characteristic of low, subtropical habitats, MuJi-

lenbergia forms an exception with species reach-

ing to alpine environments (Sage and Sage 2002).

The 7% of the flora represented by annual
plant species at Emerald Lake is similar to typical

levels of about 8% reported for the summer dry

alpine areas of the Sierra Nevada and White
Mountains (Jackson 1985; Jackson and Bliss

1982; Rundel et al. 2008). Annual species are rare

in typical circumboreal arctic-alpine floras of the

Northern Hemisphere where they commonly
comprise only 1-2% of the flora (Billings 2000).

Ecological and biogeographic data on high-

mountain and related alpine meadows in the

Sierra Nevada have recently been summarized
(Fites-Kaufman et al. 2007; Sawyer and Keeler-

Wolf 2007), as has the general state of knowledge
on Sierra Nevadan meadows in an earlier report

(Ratliffe 1985). The diverse associations of

subalpine meadow communities in the Emerald
Lake Basin illustrate the complexity of adapting

simple systems of community classification as

proposed in previous studies for specific basins

(Pemble 1970; Burke 1982; Benedict 1983; Taylor

1984).

Clearly soil depth and the amount and
seasonality of soil moisture availability are

critical components of species distribution. A
detailed study of the floristics and physiographic

classification of seven subalpine meadows in

Sequoia National Park found that these factors

as well as soil frost action and conditions of water

chemistry, temperature, and depth of flooding

explained the major part of floristic variation

(Benedict and Major 1982; Benedict 1983).

Subalpine dry meadow associations have been

described for other areas of the Sierra Nevada
(Klikoff 1965; Ratliff 1979, 1982; Taylor 1976;

Burke 1982), but with only limited understanding

of controlling factors for species distribution.

The plant communities of the Emerald Lake
Basin would fall within a variety of associations

as described in the classification system of Sawyer
and Keeler-Wolf (1995). Lower areas of the basin

would be classified as Mixed Subalpine Forest,

while associated ericaceous shrublands and wil-

low thickets would be termed the Montane
Heather-Bilberry, Montane Wetland Shrub, or

Holodiscus Series. The majority of the basin

would fall under "habitat'' classifications of this

system as Subalpine Upland Shrub habitat,

Subalpine Wetland Shrub habitat, Subalpine

Meadow habitat and Alpine habitat. These
categories are much too crude, however, to

appropriately separate the plant associations

present in the Emerald Lake Basin.

With continuing concerns about global change,

nutrient enrichment, and acid deposition in high

mountain basins such as that of Emerald Lake, it

is important to have baseline data on floristic

diversity and ecological communities. Continuing
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studies in the Emerald Lake Basin can provide a

means of identifying and assessing future envi-

ronmental changes.
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HISTORICAL RANGE EXTENSIONS FOR JUNIPERUS CALIFORNICA
(CUPRESSACEAE) AND JUGLANS CALIFORNICA (JUGLANDACEAE) AT
RANCHO MUSCUPIABE, SAN BERNARDINO COUNTY, CALIFORNIA
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Abstract

A federal survey of Rancho Muscupiabe in 1867 provided legal land description of 12,204 ha

(30,145 acres) in San Bernardino Valley, southern California, which fortuitously includes records of

prominent native vegetation marking the location of survey stations along the land grant boundary.

We matched legal land descriptions to the mapped vegetation occurrences, documented before

agricultural land use and urbanization cleared the land, to relocate site-specific species localities in

1867 for comparison to historical botanical collections and extant distributions. We show that

Jimiperus califomica, a desert conifer uncommon in cismontane regions of southern California,

occurred at Del Rosa near Little Sand Creek on the northern boundary of Rancho Muscupiabe,
which extends the historical species range from nearest extant occurrences on alluvial terraces along

the Santa Ana River Wash (7 km SE) and Cajon Creek (13 km W). Vegetation records accompanying
the 1867 survey also document the endemic Jugkms californica at Devil Canyon in the San Bernardino

Mountains, and at the SE base of San Sevaine Ridge in the San Gabriel Mountains. The 1867 survey

map predates earliest recorded botanical collections in San Bernardino County of Jimiperus califomica

(JEPS48231) and Jitglans californica (POM 123336) by 15 yr. A synthesis of historical and modern
data is presented to build upon comprehensive atlases of California vegetation and show that the

easternmost distribution of Juglans californica extends along the cismontane foothills of the San
Bernardino Mountains to Millard Canyon near Banning Pass.

Key Words: Alluvial fan scrub, bajada chaparral, CaHfornia juniper, Riversidian sage scrub, southern

California black walnut.

In November 1867, nineteen years after Cali-

fornia was ceded by Mexico, the Rancho Muscu-
piabe land grant boundary was resurveyed under
the authority of the United States Surveyor
General (Hancock 1867). This survey provided

legal land description of the Rancho which
encompassed 12,204 ha (30,145 acres) of San
Bernardino Valley in southern California, and
incidental records of prominent native vegetation

marking the location of survey stations along the

land grant boundary. Matching legal land de-

scriptions to vegetation records allows for site-

specific relocation of historical species occurrences

in comparison to later botanical collections having
less precisely recorded localities, and extant

distributions. We use this approach to show that

the historical distribution of Juniperus californica

Carriere (California juniper) and Juglans califor-

nica S. Watson (southern CaHfornia black walnut)
extended to sites at the northern boundary of
Rancho Muscupiabe in 1 867. Juniperus californica

is a desert conifer, uncommon in cismontane
(coastal-draining) watersheds of southern Cali-

fornia (Minnich and Everett 2001; Roberts et al.

2004). Juglans californica is endemic to southern
California, with its easternmost occurrence at

cismontane foothills of the San Bernardino
Mountains (Jepson 1917). Historical range exten-

sions to Rancho Muscupiabe document that

Juniperus californica has been extirpated from
alluvial fan scrub near Little Sand Creek at Del
Rosa, and record Juglans californica in the San
Bernardino Mountains at Devil Canyon, as well

as at the SE base of San Sevaine Ridge in the San
Gabriel Mountains, 15 yr before formal botanical

collection in San Bernardino County.

Rancho Muscupiabe is located on cismontane
alluvial fans aggrading below the southern foothills

and canyons of the San Bernardino Mountains in

the Santa Ana River watershed of western San
Bernardino County (Fig. 1 ). From Lytic creek west

ofDevore, eastward to Sand Creek at Highland, the

northern boundary today spans 21 km of wildland-

urban interface between the City of San Bernardino

and the San Bernardino National Forest, intersect-

ing several tributary creeks and washes. The
Rancho Muscupiabe boundary survey in 1867

predates late nineteenth century agricultural land

clearing and twentieth century urbanization which
subsequently removed or altered the native alluvial

fan scrub across nearly this entii e area (Raup 1 940).

Intact alluvial fan scrub persists along the Santa

Ana River wash east of the Rancho between
Redlands and Mentone, as well to the northwest

at few tributaries including Badger Canyon, Devil

Canyon, Cajon Creek, and Lytic Creek.

Alluvial fans in the San Bernardino Valley, and
to the west in San Gabriel Valley, support a
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Fig. 1. Location of the Rancho Muscupiabe study area in western San Bernardino County, California, and
surrounding vicinity.

unique vegetation assemblage called alluvial fan

scrub or bajada chaparral, composed of species

which uncommonly co-occur in cismontane
shrublands (Smith 1980; Vasek and Thorne
1988; Hanes et al. 1989; Rundel 2007). These
alluvial fans are characteristically more arid than

other cismontane environs because soils are

coarser in texture, hence well drained, and the

terrain generally has a southern aspect of

exposure resulting in high potential evapotrans-

piration. Aridity selects for the presence of

species which are capable of tolerating severe

drought-stress, including Jimiperus califomica, a

prominent conifer in southern California's desert

woodland assemblages. Deep-rooted (phreato-

phytic) tree species like California sycamore
{Platanus raceiuosa Nutt.) occur along active

drainage channels which descend from the

alluvial fan apex. The endemic Jugkms califomica

occurs more extensively west of the Rancho in

woodlands of the Chino hills where it forms
monotypic stands on mesic north facing slopes in

foothills and canyons (Quinn 1990; Clarke et al.

2007). Stands of Juglans califomica locally

intergrade with shrublands on older geomoi-phic

surfaces of alluvial fans where mineral weathering

has produced soils with greater clay content

which increases the water holding capacity

relative to younger alluvium deposits (Leskinen

1972). Disturbance by flash flooding, debris

flows, and wildfire result in complex demograph-
ic and successional patterns across this diverse

vegetation landscape (Keeley 1990; Mullally

1992; Burk et al. 2007).

Materials and Methods

Using a Geographical Information System
(GIS), historical survey stations that recorded

Jimiperus califomica and Juglans califomica were

relocated on digital copies of three modern USGS
7.5 min topographic quadrangles (Devore 1966;

Harrison Mountain 1967; San Bernardino North
1967) showing the land grant boundary. We
verified these site-specific relocations by compar-
ing legal land descriptions shown on the original

boundary survey (Hancock 1 867) against those on
the modern quadrangles. Place names are reported

for historical vegetation locations as shown on
these modern topographic quadrangles. The Con-
sortiuin of California Herbaria (CCH) database

was searched for botanical collection records of

both species (accessed 16 Oct 2009, available

online at; http://ucjeps.berkeley.edu/consortium/).

Extant occurrences in the vicinity of Rancho
Muscupiabe were mapped on digital copies of the

San Bernardino and Santa Ana USGS 1 X 2

degree topographic quadrangles in the GIS, using

localities reported in previous studies (Minnich

and Everett 2001; Clarke et al. 2007) as well as

locations of botanical collections listed in the

CCH database. Nearest-neighbor distances were

measured in the GIS from the historical sites at

Rancho Muscupiabe to extant occurrences.
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Vegetation Recorded
1867

Arctostaphylos glauca

A Juglans californica

Juniperus californica

Platanus racemosa

0 2.5 5 10 Kilometers

J I I I I I I I

Fig. 2. A: "Plat of the Rancho Muscupiabe finally confirmed to Miguel White, surveyed under instructions from
the U.S. Surveyor General by Henry Hancock, Dep. Sur., November 1867." B: Relocated survey stations on the

boundary of Rancho Muscupiabe that record prominent native vegetation.

Results and Discussion

Only prominent native vegetation was record-

ed on the 1867 map of Rancho Muscupiabe
(Fig. 2). Platanus racemosa is recorded as "'Syc-

amore" on the Rancho boundary at Nealeys
Corner, Devore Heights, Tokay Hill, Cable
Canyon, Badger Canyon, and Little Sand Can-
yon. The "Manzanita bush" recorded for another
boundary survey station at Devore Heights is

most likely Arctostaphylos glauca Lindl. A station

recorded as "Granite Rock in juniper bushes Sta.

32." documents Juniperus californica. This site

was relocated at Lat. 34 9'36.5r'N, Long.

117 14'46.6r'W, on the Harrison Mountain
quadrangle, adjacent to section 24, TIN, R4W,
San Bernardino Base Meridian, approximately

900 m NW of Little Sand Creek at Del Rosa.

Juglans californica was recorded at two locations

on the boundary survey. East of Lytic Creek,

""Walnut Sta. 25" is in Devil Canyon at Lat.

34 12'56.66"N, Long. 1 17 19'45.67"W, adjacent

to Section 32, T2N, R4W, on the San Bernardino

North quadrangle. West of Lytle Creek, '"Walnut

Sta. 42" is at the SE base of San Sevaine Ridge at

Lat. 34 10'51.23"N, Long. 1 17 26'40.68"W, ad-

jacent to section 7, TIN, R5W, approximately

10 km NE of Etiwanda, on the Devore quadran-
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gle. It is unlikely that these identifications were
made in error because the species are morpho-
logically distinct from other native taxa.

Jimiperus califomica was not known to have
occurred in alluvial fan scrub at Del Rosa
(Minnich and Everett 2001). Widely disjunct

stands occur to the west on alluvial fans below
the San Gabriel Mountains at Azusa, Upland,
Cucamonga Canyon, and Lytle Creek (Fig. 3).

East of Lytle Creek along the base of the San
Bernardino Mountains, scattered stands occur on
terraces in Cajon Creek, and in the Santa Ana
River wash between Redlands and Mentone.
Nearest-neighbor distances are 7 to 10 km SE to

scattered individuals along alluvial terraces of the

Santa Ana River Wash between Redlands and
Mentone (Vasek and Thorne 1988, p. 819-821;

Clarke et al. 2007), 13 km W to stands in alluvial

fan scrub along Cajon Creek (Minnich and Everett

2001), ca. 15 km SE at to a reported locality at San
Timoteo Canyon (Clarke et al. 2007), 2 1 km S to an
occurrence at the Box Springs Mountains, and
27 km NW to extensive populations near Cajon
Junction (Minnich and Everett 2001).

The cismontane region of San Bernardino
County is the easternmost range of Jiighins

califomica (Jepson 1908, 1917; Munz 1974). East

of Juglans califomica woodlands in the Chino
Hills, widely scattered extant localities occur on
alluvial fans at the southern base of the San
Gabriel Mountains, and eastward along the

foothills of the San Bernardino Mountains from
Cajon Pass to Banning Pass (Fig. 4). A collection

of Juglans califomica by L. C. Wheeler in 1942

(RSA610986) for a locahty reported as '^San

Gabriel Mountains region, foot of San Gabriel

Mountains: 1/2 mile SW mouth of Lytle Creek,"
matches with the 1 867 Rancho Mucupiabe bound-

ary survey location of "Walnut Sta. 42" near the

SE end of San Sevine Ridge (Fig. 4). East of Lytle

creek, the CCH botanical collection database
mapped extant occurrences of Juglans califomica

in foothills of the San Bernardino Mountains at

Devil Canyon, and eastward at Badger Canyon
(3 km SE), Waterman Canyon (5 km E), near

Seven Oaks Dam (25 km SE), Mentone (26 km
SE), Oak Glen Creek (31 km SE), Mill Creek
Canyon (37 km E), Yucaipa (38 km SE), and
Millard Canyon near Banning Pass (56 km SE).

Mapped occurrences of Junipems califomica

and Juglans califomica on the Rancho Muscu-
piabe boundary survey of 1867 predate local

botanical collections of these species first recorded

in the late nineteenth century (Table 1 ). The CCH
database lists the earliest documented botanical

collection of Juniperus califomica in the cismon-
tane region ofSan Bernardino County by S. B. and
W. F. Parish (JEPS48231) on 3 Jan 1882 for the

locahty of "San Bernardino Valley." The earliest

collection ofJuglans califomica in San Bernardino
County was by Marcus E. Jones (POM 123336) on
28 Apr 1882 for the locality, "Coastal Plains and
Basin; San Bernardino Basin region Colton."'

' The CCH database reports an erroneous collection

date of 19 Aug 1824 for a different botanical specimen of

Juglans califomica (POM 122548), since the collector,

Marcus E. Jones, was born in 1852 (see Lenz 1986).

POM 1 22548 was most likely collected 1 9 Aug 1 924, when
Marcus E. Jones was working at Claremont College,

nearby the locality of "Cajon Pass" where POM 122548 is

reported to have been collected. The Rancho Santa Ana
Botanic Garden Herbarium holdings include two other

collections by him on 19 Aug 1924 at Cajon Pass

(POM122540 & POM70013). The specimen in question

lists his personal collection number as .v./7. , as with his two
other collections from Cajon Pass that day.
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Historical Ecologists Grove and Rackham
(2001, p. 18) state, "landscape history is best

arrived at from the records of identifiable sites,

which can be traced down the centuries in the

archives and compared with what is there now."
The Rancho Muscupiabe boundary survey in

1867 mapped site-specific localities of Juniperus

californica and Juglcms californica that can be

more precisely relocated than historical botanical

collections of these species which reported

localities in general reference to the San Bernar-

dino region (Table 1). Comparison of extant

distributions to the historical survey map indicate

that subsequent land use extirpated Juniperus

californica from the Del Rosa locality near Little

Sand Creek, while Jugkms californica persisted at

Devil Canyon where land use has been less

intensive due to rugged topography.

The distribution data compiled in this study

build upon comprehensive atlases of California

vegetation, which did not map the easternmost

distribution of Juglcms californica in the San

Table 1. Early Botanical Collections of Juniperus californica and Juglans californica in the
CiSMONTANE REGION OF SAN BERNARDINO CO.

Species Accession no. Collector Locality Date

Juglcms californica

Juglans californica

Juglans californica

Juglans californica

Juglans californica

POM 123336 Marcus E. Jones

JEPS58690

UC847334
UC56653

S. B. and W. F.

Parish

Marcus E. Jones

H. M. Hall

JEPS58695 W. L. Jepson

^Coastal Plains and Basin; San 28 Apr 1882

Bernardino Basin region Colton''

"foothills San Bernardino Mts

"Colton''

"between San Bernardino and
Cajon Pass"

"Cajon Pass"

Apr 1888

28 Apr 1892

Apr 1902

27 May 1914

Juniperus californica JEPS48231

Juniperus californica

Juniperus californica

Juniperus californica

Juniperus californica

UC87
JEPS48334

Juniperus californica JEPS48333

JEPS48324
POM9881

S. B. and
W. F. Parish

S. B. Parish

S. B. Parish

S. B. Parish

W. L. Jepson

L M. Johnston

'San Bernardino Valley"

'San Bernardino Valley"

'San Bernardino Southern
California, San Bernardino"

'San Bernardino Southern
California, San Bernardino"

'Cajon Pass"

'Transverse Ranges; San Gabriel

Mts region Foothills above
Upland. Dry wash"

3 Jan 1882

1 Feb 1889

1 Feb 1893

1 Jan 1894

28 May 1914

20 Nov 1916
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Bernardino Mountains. The vegetation type map
(VTM) survey of California (Weislander 1935)

was conducted in the Rancho Muscupiabe area

from 1929 1930, and did not map Juglcms

califomica on either the San Bernardino 15 min
quadrangle (164C) nor the Redlands 15 min
quadrangle ( 164D). Griffin and Critchfield (1972)

used VTM data to map the distribution of trees

in California, and their maps do not show
Juglans califomica in the foothills of the San
Bernardino Mountains. Instead, they suggest that

"one apparently natural disjunct colony occurs to

the east of the main population in San Bernar-

dino County (Chino Hills) near Etiwanda."
Etiwanda is located on a cismontane alluvial

fan below Cucamonga Peak at the base of the

eastern San Gabriel Mountains (Fig. 4). A
synthesis of data provided by the Rancho
Muscupiabe boundary survey in 1867, early

botanical collections (Table 1), historical taxo-

nomic studies (Jepson 1908, 1917), and mapped
extant occurrences (Fig. 4) provide a fuller

picture, showing that the eastern distributional

range of Juglans califomica extends along the

southern base of the San Bernardino Mountains
to Millard Canyon near Banning Pass.
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ELEVATION OF PHACELIA CICUTARIA VAR. 7/(75^7/ (BORAGINACEAE) TO
SPECIES STATUS

Laura M. Garrison' - and Robert Patterson
Department of Biology, San Francisco State University, 1600 Holloway Avenue,

San Francisco, CA 94132

Abstract

Phacelia ciciitaria Greene var. huhhyi (J. F. Macbr.) J. T. Howell warrants elevation from varietal to

species status based on morphological evidence. It is distinguished morphologically from P. cicutaria

var. cicutaria and P. cicutaria var. hispicki (A. Gray) J. T. Howell by its more robust habit, more
densely congested inflorescences, lack of mottled markings on the corolla, longer stamens and style,

thick shaggy hairs on the stems and leaves, and calyx lobes that closely invest the fruit.

Key Words: Boraginaceae, Hydrophyllaceae, Hydrophylloideae, Phacelia.

The genus Phacelia (Boraginaceae subf. Hy-
drophylloideae sensu Angiosperm Phylogeny
Group [Stevens 2001 onwards]) is taxonomically

diverse with approximately 200 species (Wilken et

al. 1993). Species in the genus are often distin-

guished by seemingly slight morphological differ-

ences; however, these differences are generally

stable within species. More recently, molecular
sequence data have supported integrity of species

that have been described based on morphology
(Gilbert et al. 2005; Hansen 2005; Garrison 2007;

Walden et al. 2008).

In addition to the large number of species in

the genus, a substantial nuinber of subspecies,

varieties, and formae have been described. While
many of these are sHght morphological variants

of the species, occasionally exceptions appear
where a named variety differs markedly from the

other infraspecific taxa. During a detailed mo-
lecular systematic study of the P. creuulata

complex based on nrlTS sequence data and
morphological observations/data (Garrison
2007) it became clear that the taxon traditionally

known as P. cicutaria var. hiibbyi was appreciably

distinct from the other two varieties, P. cicutaria

var. cicutaria and P. cicutaria var. hispida.

Phacelia hubbyi was described originally as a

variety of P. hispida (which itself is now
recognized as P. cicutaria var. hispida) by
Macbride (1917) based on hirsute rather than
hispid inflorescence with suberect pedicels" and
"...much softer hairiness." All three taxa are

native to California, and while their ranges
overlap somewhat (Fig. 1), they are fundamen-
tally discrete biogeographically. While Macbiide
did not mention other characters. Garrison's

(2007) analysis added a more robust habit, denser

' Author for correspondence, email: lgarrison@
calacademy.org.

- Present address: Department of Botany, California

Academy of Sciences, San Francisco, CA 941 18.

inflorescences, absence of mottled marks on the

corollas, and longer stamens and styles, thereby

further distinguishing P. hubbyi froin other

purportedly related taxa.

Garrison's (2007) molecular phylogenetic re-

search removes P. hubbyi from an alhance with

the other varieties of P. cicutaria in favor of a

closer relationship with P. distatis Benth., P.

tanacetifolia Benth., P. ratuosissiuia Lehm., and
P. uf7ibrosa Greene (Garrison 2007). While a

more complete phylogenetic study of Phacelia is

underway (Garrison et al. unpublished), we
present this taxonomic note in order for the

new name to be included in the forthcoming
second edition of The Jepson Manual of Califor-

nia Plants.

Taxonomic Treatment

Phacelia hubbyi (J. F. Macbr.) L. M. Garrison,

comb, et stat. nov. Phace/ia Jiispida var. Jiubbvi

J. F. Macbr. Contr. Giay Herb. 49:29. 1917.—
Type: USA, California, Ventura County, Ojai

Valley, 20 May 1896, Frank W. Hubby 31

(holotype, GH). PJuicelia cicutaria Greene var.

hubbyi (J. F. Macbr.) J. T. Howell. Leafl. W.
Bot. 3:120. 1942. Phacelia tatiacetifolia Benth.

var. liubbyi (J. F. Macbr.) Jeps. & Hoover in

Jepson. Fl. Calif. 3:258. 1943

Discussion

Phacelia hubbyi, traditionally referred to as P.

cicutaria var. hubbyi, is morphologically distinct

from other varieties of P. cicutaria. The most
noticeable difference is in the pubescence of the

inflorescence axes and calyces, which in P. hubbyi

is wavy-hairy (shaggy-hirsute fide Jepson 1943) in

contrast to the stiff-hairy pubescence in P.

cicutaria var. cicutaria and P. cicutaria var.

hispida. This feature alone is in line with typical
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Fig. 1. Distribution of Phacelia Imhbyi, P. cicutaria var. cicutaria, and P. cicutaria var. hispida based on data from
the Consortium of California Herbaria (http://ucjeps.berkeley.edu/consortium/about.html). Symbols represent

collections from beyond the primary range of the taxon.

differences distinguishing species in the genus

(e.g., Constance 1951).

Based on morphological evidence presented

here and supporting molecular genetic evidence

(Garrison 2007), P. hubbyi warrants elevation

from varietal to species status. Additional mor-
phological features distinguish P. hubbyi. Ra-
cemes are much denser (i.e., flowers crowded
more closely together) and remain so in fruit in P.

hubbyi, while in P. cicutaria var. cicutaria and P.

cicutaria var. hispida internodes between cap-

sules, especially those at the proximal end of the

inflorescence, tend to elongate as the inflores-

cence matures. While this character is difficult to

quantify, the differences are readily apparent in

live and herbarium material.

In fruit the calyx lobes in P. cicutaria var.

cicutaria and P. cicutaria var. hispida spread away
from the base of the capsule, while in P. hubbyi

the calyx closely invests the capsule, as it does in

P. tcmacetifolia (Fig. 2). Hoover (1943) noted that

a spreading calyx occurs also in P. cryptantha,

while the calyx closely invests the capsule in

P. ramosissima, P. tanacetifolia, and P. distans;

this pattern is in accord with Garrison's (2007)

molecular phylogeny.

PhaceUa hubbyi has a particularly robust habit

and stout stems as compared with P. cicutaria

var. cicutaria and P. cicutaria var. hispida, as has

been noted by other authors that have addressed

fruit fruit

and calyx and calyx

Phacelia cicutaria Phacelia tanacetifolia

Fig. 2. Posture of calyx lobes in fruit of Phacelia

hubbyi and P. tanacetifolia. Reprinted from The Jepson

manual, J. Hickman, ed., 1993, with permission from
the Jepson Herbarium. © Regents of the University

of California.
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the taxon ("plant stout" [Voss 1935], "stem very

stout" [Jepson 1943]).
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Abstract

A new combination, Trifolium variegatum var. geminiflorum is proposed, and a key is provided for

varieties of T. variegatum.

Key Words: California, Idaho, Oregon, Trifolium, Washington.

In preparing the treatment of Trifoliwn for the

new Jepson Manual, it became necessary to make
a new combination for the following, since no
name for this taxon exists at the rank of variety.

Trifolium variegatum Nutt. var. geminiflorum

(Greene) Vincent, comb. nov. — T. geiuiui-

Jlorum Greene, PiUonia 3(17B): 216-217. 1897.

—Lectotype (herein designated): USA, Califor-

nia, Amador Co., New York Falls, April 1892,

G. Hansen 7, (NDG [not seen]; isolectotype K!).

Many names have been published, at the rank
of species and variety, for taxa that fall within the

range of morphological variation of what is now
called Trifoliwn variegatum Nutt. The differences

among the entities are slight and intergrade,

except at the extremes of the range of morphol-
ogy. In fact, even within a population, nearly the

full range of variation can be seen, depending
upon available water and light. In spite of this,

some entities do seem to merit recognition,

though not at the level of species. The varieties

being recognized are var. variegatum, var. gemini-

florum comb nov., and var. major Lojac, which
may be distinguished as in the following key.

1. Inflorescence 1-5-flowered; corolla 3.5-

9 mm var. geminiflorum
1

' . Inflorescence 5-many-flowered; corolla 6- 1 6mm

2. Inflorescence 1-1.5 cm, 5-10-flowered,

corolla 6-10 mm var. variegatum
2'. Inflorescence 1.5-3 cm, 10-many-flow-

ered, corolla 9-17 mm var. major

This variety, which ranges through much of

California and north into Washington and Idaho,

is equivalent to Isely's T variegatum ''phase 5",

as treated in the current edition of the Jepson

Manual (Isely 1993), and is equivalent to what
was called ''7! pauciflorunf by Lojacono (1883),

though T. paucijlorum Nutt. is a synonym of

T. variegatum var. variegatum.

A full discussion of the taxonomy of this group
will be given in a forth-coming revision of

Trifolium sect. Involucrariimi Hook, (sensu Zoh-
ary and Heller 1984).
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REVIEWS

Systeniatics, Evo/ufion, and Biogeograpliy of
Compositae. Edited by V. A. Funk, A. Susanna,
T. F. Steussy, and R. J. Bayer. 2009. Interna-

tional Association for Plant Taxonomy, Univer-

sity of Vienna, Rennweg 14, 1030, Vienna,

Austria, xix + 965 pp (cloth). ISBN 978-3-

9501754-3-1. $110 (USA and Canada, $120
elsewhere).

I tell students in my plant taxonomy course that

if they are serious about being a taxonomist they

must learn the Compositae. They cannot be

daunted by the size and intricacy of the family

—

it is just too important a group to pass by. The
editors of Systeniatics, Evolution, and Biogeogra-

phy of Compositae state this more eloquently and
topically: ''To understand biodiversity across our
planet's landscape requires understanding of this

massive, diverse, and fascinating family." The
Compositae Book (as it is called on The Interna-

tional Compositae Alliance (TICA) web site) is the

most recent summary of what we know about this

family. There have been earlier summarizing
volumes (e.g., Heywood et al. 1977; Bremer
1994; Hind 1996), but this is the first to include

results of analysis of extensive phylogenetic

information based on molecular sequence data.

The phylogenetic information presented is refer-

enced largely to the (shall I say awesome?)
Compositae supertree produced initially by Funk
et al. (2005) and continually refined since. There is

also a strong emphasis on biogeography of tribes

and clades throughout the book.

At first glance, the book is stunning—to look

at and to lift (it weighs in at 3.785 kilos). At
around 1000 pages it is loaded with information

that is relatively easy to retrieve. Despite there

being around 80 authors across 44 chapters plus

five appendices, the book reads well. There is

even the occasional light spirited inclusion, for

example the remark from a famous synantherol-

ogist that "speculating on base chromosome
numbers offers, perhaps, the finest of all vehicles

for intellectual auto-stimulation."

The book is richly illustrated with generally high

quality photos and diagrams—the production of
the photos on the pages is commendable. In

particular there is a rich selection of photos of
comps that are unfamiliar to many of us, exotic

looking genera from around the world. As I perused
the photos I could not help wondering which of
these genera would survive inmy yard on the central

California coast. Seeing these images will impress
readers who still believe that all members of the

family are "doggone yellow comps."

The inside back cover is a summary of the

supertree (you can also download an 8 foot by
4 foot detailed version of the supertree at the

TICA we site), the branches of which are

differentially colored to reflect biogeographical

affinity of higher taxa. On the inside front cover
there is pocketed a removable color code piece to

facilitate interpreting the biogeographic informa-

tion on the summary tree on the inside back
cover. Nice touch.

Very little was left out in the making of this

book. Section I, the introduction, contains

chapters on the history of comp taxonomy, an
interesting read that combines the history of
taxonomic thought on the Compositae with

personal, humanizing details of the early workers
in the family (such as Vaillant being a popular
botany teacher as evidenced by his lectures being

given at six in the morning and attended by
hundreds of listeners). There is also a fascinating

chapter by Simpson on the economic importance
of the family, despite the relative dearth of
economically useful comps, given the size of the

family.

Section II contains chapters on character

evolution in the family: chromosome numbers,
secondary chemistry, microcharacters, pollen.

The pollen chapter in particular is augmented
by a list of characters measured, a data matrix of

pollen characters used for supertree taxa, a

summary of pollen features for each tribe, and
an enormous bibliography containing over 1200

citations on composite pollen. Jeffrey's chapter

on evolution of Compositae flowers summarizes
current thoughts on the topic. Many interpreta-

tions that were held only a few decades ago have
been radically overturned upon the appearance of

molecular data. A final chapter in the section on
oceanic island comps. Baker's Law, polyploidy is

sure to stimulate the interest of future researchers

intrigued by island biogeography.

Section III is really the meat of the book,
beginning with a chapter on relationships of the

family with other Asterales, followed by a

chapter on classification of Compositae—this is

a summary chapter for quick descriptions of

tribes. The next thirty-two chapters cover, in

supertree sequence, each tribe in the family, each
written by active researchers specializing in that

tribe. Chapters are organized for the most part in

uniform pattern: historical overview; phylogeny;

subtribal taxonomy; morphology; anatomy; pol-

len; embryology; chromosome numbers; chemis-

try; biogeography; evolution; economic uses. This

systematic organization makes it easy to compare
tribes across chapters.
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Californian/western botanists (Madrono read-

ership in large part) will find this book especially

useful, considering the large diversity of comps in

western North America. I found myself becoming
immersed in the details of tribes with which I

have a working familiarity. Even the staunchest

synantherophobes will likely be fascinated by
what we now know about relationships within the

Heliantheae alUance, neatly summarized by
Baldwin in Chapter 41. Likewise, the Cichorieae,

generally easy to recognize as a tribe but beyond
that often regarded by non-experts as a tangle of

difficult genera, seem to be less intimidating after

reading Chapter 24.

The chapters that drew me the most were
those covering the little-known and (still) incom-
pletely studied tribes. Indeed, some of these tribes

were erected precisely because modern data

isolated them from groups with which they had
been traditionally allied. For example, treatments

of Gymnarrheneae, Pertyeae, Oldenburgieae,

Corymbieae, and our own western Hecastoclei-

deae not only fill in gaps in our knowledge of the

family, they also highlight the numerous taxo-

nomic side branches that have evolved. Similarly,

the early chapter (Ch. 12) on the tribes at the

basal end of the supertree gives a perspective on
ancestral Compositae. With these phylogenetic

revelations, we can get down to the business of

studying character evolution within the family.

At the end of the book there is a summary
chapter that explains how the supertree was
constructed, a brief description of all tribes,

and a discussion of the age of the family and its

area of origin and subsequent radiations. Here,

and throughout the book, we are reminded that

conclusions in the book are only the 2009
version, that there remains a lot to do, and that

numerous labs are continuing to refine their

studies.

There are five appendices: an illustrated

glossary of Compositae; the aforementioned
pollen literature; original figure legends for plates

in Chapter 1; new names and combinations; and
a complete list of literature cited (74 pages). The
illustrated glossary is overall useful, and nicely

illustrated, but sometimes strange and inconsis-

tent. With a subject as intricate as the Compo-
sitae that has been studied by thousands of

students, it is inevitable that an enormous
terminology has evolved. It is equally inevitable

that definitions vary across different authors.

While this might not trouble experts in the

family, novices are quite likely to become
confused at the apparent lability of definitions.

Take, for example, the term ligulate. Under the

entry for Ligulate Floret the term describes a

corolla shape. The following entry is Ligulate

Head, at which readers are referred to Liguli-

florous Head. The next entry, Ligule, describes

the strap-shaped portion of a ligulate fioret.

followed by the caveat that the term is "used in

some references for the lamina of a ray floret."

While the entries mentioned go some distance

toward differentiating ligulate, liguliflorous,

and ligule, even in the glossary itself there are

inconsistencies. Under the entry for Synoecious,
for example, we read about ligulate heads. I

would have liked to have read a direct

statement to the effect that "ligulate" describes

corollas (flowers), "liguliflorous" describes

heads, etc.

Other oddities include the absence from the

glossary of some specialized temis. Syncalathia

and homo-/heterocalathia are not in the glossary

but are used (yet, not defined) in Jeffrey's chapter

(Ch. 8) on evolution of composite flowers. On the

other hand I was perplexed by the inclusion of
terms so commonly used and understood (e.g.,

androecium, ovary) and that do not carry a

special meaning in the context of the family.

Curiously, the entry for Pollen Grains is largely a

description of the plunger-pollination system in

composite flowers.

Sure, there are the very occasional blots, such

as poorly type-set lines (cf. p 695, column 1, next

to last line), inconsistent dates for literature in

text and in citation, a misspelling or two, and the

occasional quotation mark inside the period, but

in reality these are likely to be noticed only by
reviewers looking for mistakes. Overall, for a

book this size with as many authors as it has, it is

well-edited and presented.

To purchase the book visit the TICA web site

(http://www.compositae.org/) and download the

order form. It'll run you $110 (includes shipping!)

in the U.S. and Canada, which my colleagues and
students unanimously consider a bargain (re-

member, 3.785 kilos of Compositae!). The cost is

$120 for other areas. Visit YouTube for an
impressive advert for the book (http://www.

youtube .com/watch?v—mr 1VVfW86gA )

.

So who should/will buy this book? Taxono-
mists, teachers, students, lay botanists, and other

professionals will enjoy owning it. It stands to be

a major reference for a long time, and a major
inspiration for the next generation of composite

systematists. If you're new to the family, or if you
have been ducking the Compositae for a while,

this volume will change the way you look at this

captivating family of plants.

—Bob Patterson, Department of Biology, San Fran-

cisco State University, 1600 Holloway Avenue, San
Francisco, CA 94132. patters@sfsu.edu.
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NOTEWORTHY COLLECTION

Colorado

COTONEASTER LUCiDUS Schltdl. (ROSACEAE).—
Denver Co., yard weed, W 31st Avenue, Denver,
1670 m, 3 Jul 2003, Zika 18517 (COLO, WTU);
Boulder Co., Long Canyon, Boulder Mountain Park,

2130 m, 18 Aug 1991, Hogcm 1514 (COLO); El Paso
Co., forest edge. Cascade, 2300 m, 30 Aug 2006, Zika
22827 (COLO, DAO, NY, RM, WTU); El Paso Co.,

thickets, Manitou Springs, 1940 m, 31 Aug 2006, Zika
22873 (CS, WTU); Gilpin Co., aspen grove. Golden
Gate Canyon State Park, 17 Jun 2000, Smookler &
Senser 639 (KHD).

Previous knowledge. Hedge or shiny cotoneaster is a

cold-hardy native of Siberia and Mongolia. The fall

foliage is attractive, and it is widely planted in northern
North America, where often misidentified as C.

acutifoliiis Turcz. Duplicates of Zika collections have
been confirmed by Jeanette Fryer of Froxfield, Eng-
land. Reports of C. franchetii Boiss. from Fort Collins,

Larimer Co. (Ells, J. 2006. Rocky Mountain Flora. The
Colorado Mountain Club Press, Golden.) are based on
photos of immature fruits of C lucidiis.

Significance. First records escaped from cultivation

in Colorado. Dispersal of the species from gardens
is presumably by avians. When C. lucidus was collect-

ed in Cascade black-headed grosbeaks {Pheucticus

melanocephcdus) were observed opening fruits and
eating the contents of the seeds, and American robins

{Turdus niigratoriiis) were observed swallowing whole
fruits and disseminating the seeds.

SORBUSAUCUPARIA L. (ROSACEAE).—El Paso Co.,

cultivated in area and escaping to riparian zone,

Ruxton Creek, near Fairview Ave., Manitou Springs,

1990 m, 4 Sep 2006, Zika 22875 (CS, MO, WTU); El

Paso Co., Ruxton Creek riparian, Engelman Canyon,
Manitou Springs, 2070 m, 4 Sep 2006, Zika 22876
(COLO, MTMG, WTU).

Previous knowledge. Rowan, or European mountain
ash, is native to Eurasia and commonly grown as an
ornamental. It has been recorded as an adventive across

northern North America. In Colorado it can be found
growing with Sorhus scopulina Greene, a native species

with sticky and shiny winter buds (varying from densely

hairy to glabrous) and shiny upper leaflet surfaces.

Sorbus aucuparia has dull leaflets and densely pubescent

winter buds that are not shiny or sticky.

Significance. First records escaped from cultivation in

Colorado.

—Peter F. Zika, WTU Herbarium, Box 355325,

University of Washington, Seattle, WA 98195-5325.

Zikap(a^comcast.net.
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NOTEWORTHY COLLECTIONS

California

Hesperevax ACAULis (Kellogg) Greene var. ambus-
TICOLA Morefield (ASTERACEAE).—Los Angeles

Co., San Gabriel River floodplain, Irwindale, Santa

Fe Dam County Regional Park, along both sides of

southwestern end of self-guided nature trail, ca. 0.3 km
southwest of Interpretive Center, dwarf herbs in open,

vernally-mesic flat of cryptogamic crust soils, on
alluvial terrace of San Gabriel River, associated with

Pectocarya penicillatch Crassula coimatcu Stylocliue

gnaphaloides, Schismus harhatus, Ccmussonia bistorta,

Cryptcmtim iuteruiedia, Navarretia luiuuita^ Eriogouiuu

gracile. Salvia coliunhariae, Ceiitauriuui venustunu and
Erodium cicutarium, surrounding habitat alluvial scrub

of Rhus integrifo/ia, Ma/osnia laiirina, Opuutia xvasevi

and Ribes aureimu 34 6'58.13"N, 1 17 56'43.63"W,

149 m, 14 March 2009, M. C. Long 890 (RSA).
Previous knowledge. Fire evax is known from

northern and central California but from very few sites

in southern California (J. C. Hickman, ed. 1993. Jepson
Manual, University of California Press, Berkeley; James
Morefield personal communication). Recorded in

southern California from Santa Barbara Co., Santa

Ynez Mtns., San Marcos Pass, C. F. Smith 4436, Apr 25

1956 (JEPS, SBBG), western Riverside Co., Santa Rosa
Plateau (E. W. Lathrop and R. F. Thorne. 1985. Flora

of the Santa Rosa Plateau, Southern California

Botanists Special Publication No. 1), northern San
Diego Co., Aqua Tibia Mtns., Cutca Valley, Banks &
Steinmann 1915, 13 April 1997 (RSA), and San Diego
Co., Barber Mountain, 2854 ft. 5. Bell 143, May 17,

1995 (SD). (Consortium of California Herbaria, ac-

cessed April 2009).

Signifieanee. First collection for Los Angeles Co.,

CA, one of only a few collections from southern

California, and fills an approximately 260 km gap in

range between Santa Barbara Co. and western River-

side Co. and northern San Diego Co. (James Morefield,

personal communication). The plants were first found
and identified by Jane Strong on 12 March 2009, and so

far appear to be limited to a small, local population, 5

to 7 m in extent along both sides of the nature trail, with

an estimated 100-200 plants. Plants flowering and
withering early with no plants located on repeat visit

April 11, 2009.

—Michael C. Long, Los Angeles County Depart-

ment of Parks and Recreation, Natural Areas Division,

1750 N. Altadena Dr., Pasadena, CA 91107. mlong@
parks.lacounty.gov.

Arctostaphylos rainbowensis Keeley and
Massihi (ERICACEAE).—San Diego Co., southern

end of the Merriam Mountains, W of Interstate 15,

N of the City of Escondido, population on east-

facing slope, ca. 5 meters of well-established dirt

path/road, portions of property in the process of

being cleared and graded for residential development,
33.171333 N, 117.1 1561 I W, 1247 feet (380 meters),

10 August 2007, C. M. Guilliams & J. Dillane 417 &
418 (SDSU).

Previous knowledge. Arctostaphylos rainbowensis is an
narrowly-distributed, burl-sprouting shrub previously

thought to be restricted to northern San Diego Co. and
southwestern Riverside Co. Recently described, the

protologue indicates that the species occurs N of the

San Luis Rey River in San Diego Co., and S of Pauba
Valley in adjacent Riverside Co. (Keeley and Massihi.

1994. Madroiio 41:1-12). Due to its limited distribution

and the likely extirpation of many populations during

the agricultural and residential development of the

region, Keeley and Massihi {loc. eit.) suggest that the

species requires legal protection. The species is currently

listed by the California Native Plant Society as a List

IB.l, and is proposed for coverage under two regional

habitat conservation plans, the Riverside County
MSHCP and the San Diego County North County
MSCP. It is not protected under the CaHfornia

Endangered Species Act, or its federal counterpart.

Significance. The recent collection of A. rainbowensis

from the Merriam Mountains extends the range of the

species approximately 20 kilometers to the south.

Although seemingly insignificant, this range extension

suggests that the species is likely present in small

numbers in the chaparral-covered hills between the San
Luis Rey River and the City of Escondido. This region,

situated between the towns of Rainbow and De Luz in

the north and the greater San Diego metropolitan area

in the south, is the target of much residential and
commercial development. Therefore, it is imperative

that biological surveys in this region target A. rain-

bowensis as a potentially occurring, sensitive taxon, and
that rare plant surveys of chaparral in this region are

performed at a level that would detect rare plants

present in low-numbers. Chaparral is notoriously

difficult to traverse, and as such, plant surveys targeting

species that might potentially occur in chaparral

vegetation are often "windshield" surveys along roads

or binocular surveys from ostensibly suitable vantage

points. Indeed, this population of A. rainbowensis from
the Merriam Mountains would likely remain undetect-

ed if it were not located near a dirt road.

This population was originally observed by Mr.
Craig Reiser, a noted botanist of San Diego, and
brought to my attention by Mr. James Dillane, an avid

botanist and schoolteacher. Although this population

of A. rahibowensis had been documented in the

California Natural Diversity Database, the locality

information was imprecise and no voucher collection

had been made. This collection provides a voucher and
confirms the species identification.

—C. Matt Guilliams, Department of Integrative

Biology, University of California Berkeley, 3060 Valley

Life Sciences Building, Berkeley, CA 94720. matt_g(^
berkeley.edu.
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PLANT COMMUNITY WATER USE AND INVASIBILITY OF SEMI-ARID
SHRUBLANDS BY WOODY SPECIES IN SOUTHERN CALIFORNIA
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Abstract

Soil moisture is a key limiting resource in arid and semi-arid environments for woody shrub species.

We assessed if three arid communities differed in their level of dry season soil moisture content and if

the dominant species in these communities differed in their ability to use soil moisture. Water potential

of all of the dominant woody plant species occurring in chaparral, coastal sage, and Mojave Desert

communities and soil moisture content of these sites were measured seasonally. Species occurring in

the Mojave Desert exhibited the most negative water potentials while the coastal sage community
displayed the least negative water potentials. Dry season volumetric soil moisture content of the

Mojave Desert site was lowest (7%), the chaparral site was intermediate (10%), and the coastal sage

scrub site had the moistest dry season soil (20%). These moisture differences developed even though
the coastal sage and chaparral communities both received the same annual rainfall and had similar soil

characteristics. Of the three communities, the coastal sage community may be particularly susceptible

to invasion by woody shrub species because its soil moisture content would allow for germination and
persistence of a wider range of potential invaders. Current differences among sites in numbers of non-
native woody species are consistent with predicted differences in susceptibility to non-native species

based on community water use and dry seasonal soil moisture.

Key Words: Chaparral, coastal sage, invasive species, Mediterranean-type ecosystems, Mojave Desert,

R*, soil moisture, water potential.

Much of undeveloped southern California is

dominated by arid and semi-arid woody shrub-

lands, including the shrub communities of the

chaparral, coastal sage scrub, and Mojave Desert

(Fig. 1). Water is a limiting resource in these

comiTiunities, particularly for the dominant ever-

green woody shrub species, which remain active

year-round. Indeed, drought-induced mortality of

species in these communities at both the seedling

and adult stages has been reported (Frazer and
Davis 1 988; Williams et al. 1 997; Davis et al. 2002;

Paddock III 2006), suggesting the importance of
water availability in shaping these communities.

The use of the same resource by species should
lead to the exclusion of species that are compet-
itively inferior at acquiring and using this

resource. This principle was described by Cause
and is given the name ''competitive exclusion"

(Hardin 1960). While species persistence depends
on many variables, Leibig's law of the minimum

j|

states that in any given environment there is one
resource that is most limiting to species persis-

tence. Where species compete for a single limiting

! resource, species resource use can be used to

predict the outcome of competitive interactions

(R* rule; Tilman 1982). This pattern of resource

competition has also been termed exploitation

competition (Levine 1976; Vance 1985).

The R* rule predicts the outcome of compet-
itive interactions based on differential depen-

dence of species on a given resource level for

positive population growth (Fig. 2A; Tilman
1982). The growth rate of a population will

decline as the availability of the limiting resource

declines. The level of resource availability at

which the population growth rate equals zero is

the R*. If two species have different R* then the

species with the lower R* will be able to

competitively exclude the species with the higher

R*. This is because the species with lower R* can
draw resource availability down to a level that

results in a decline in the population of the

species with the higher R* (Fig. 2A). This same
model may also be applied to interactions among
plant communities (Fig. 2B).

Natural communities are shaped by many
factors and models that examine only one or a

few factors are undoubtedly simplifications;

however, such simplified models have been
shown to have utility in predicting outcomes of

competitive interactions. The R* rule and similar

models have been used to predict the outcome of

competition in controlled experiments (Titman
1976; Ciros-Pei-ez et al. 2001; Fox 2002), patterns

of species abundance within communities (Koiv
and Kangro 2005; Harpole and Tilman 2006),
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Fig. 1. The semi-arid shrub communities from the

winter rainfall region of southern California: chaparral

(A), coastal sage scrub (B), and Mojave Desert scrub

(C). These photos were taken of the sites that were
sampled in the present study in Spring 2006. Photos by
A. Jacobsen.

and patterns of species succession (Herron et al.

2001). Recently, these models have also been

applied to species invasions and determination of

community invasibility and native versus non-
native competitive interactions (Herron et al.

2001; Booth et al. 2003; Fargoine et al. 2003;

Krueger-Mangold et al. 2006; Funk and Vitousek

2007). While many of these studies have focused
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Fig. 2. Solid curves show the dependence of popula-

tion growth rate on resource availability (A; based on
Tilman 1982) and the dependence of species communi-
ties on resource availability (B) if a single resource is

limiting. In panel A, the dashed line indicates the point

at which the mortality rate in a population equals the

replacement rate. The R* indicates the amount of

resource resulting in zero population growth. Species B
requires a higher amount of resource than Species A for

the population to increase (i.e., Rb* > Ra*); therefore,

the long term outcome of competition between Species

A and Species B would be the competitive exclusion of

Species B. This results because Species A is able to

reduce resources below the level at which Species B can

maintain positive population growth. In panel B, the

dashed line indicates the point at which individuals are

so infrequent in the community that the community
cannot be sustained. In this example. Community A
would be able to competitively exclude Community B.

on nutrient availability (for plants) or food

availability (for animals), moisture availability

and plant water use have been shown to predict

competitive outcomes in some plant communi-
ties, particularly in arid regions (Cleverly et al.

1997; Booth et al. 2003).

We examined differences in plant water poten-

tial and soil moisture among three semi-arid

plant communities of southern California to

assess whether these communities differed in

their ability to utilize soil water resources.
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Table 1. The Dominant Woody Species Present in and Sampled in Each of Three Semi-Arid
Plant Communities.

Vegetation type and location Species Family

Chaparral—Cold Creek Canyon
Preserve, Santa Monica
Mountains, CA, USA (34.5N

118.4W)

Coastal Sage Scrub—Pepperdine

University, Malibu, CA, USA
(34.2N 118.4W)

Mojave Desert Scrub—Red Rock
Canyon State Park, CA, USA
(35.2N 117.6W)

Adenostoma fasciculatuiu Hook. & Arn. Rosaceae
Adenostoma sparsijo/ium Torrey Rosaceae
Arctostap/iy/os gkmdulosa Eastw. Ericaceae

Ceanothus cuneatus (Hook.) Nutt. Rhamnaceae
Ceanot/ius megacarpus Nutt. Rhamnaceae
Ceanothus oligantJius Nutt. Rhamnaceae
Cecmothus spinosus Nutt. Rhamnaceae
Mcdosma kiurina (Nutt.) Abrams Anacardiaceae

Quercus berberidifolia Liebm. Fagaceae
Rhus ovata S. Watson Anacardiaceae

Artemisia californica Less. Asteraceae

Encelia californica Nutt. Asteraceae

Eriogonum cinereum Benth. Polygonaceae
Hazardia sguarrosa (Hook. & Arn.) Greene Asteraceae

Lotus scoparius (Nutt.) Ottley Fabaceae
Malacotliamnus fasciculatus (Torrey & A. Gray) Greene Malvaceae
Malosma laurina (Nutt.) Abrams Anacardiaceae

Salvia leucophylla Greene Lamiaceae
Salvia mellifera Greene Lamiaceae

Ambrosia dumosa (A. Gray) Payne Asteraceae

A triplex canescens (Pursh) Nutt. Chenopodiaceae
Atriplex polycarpa (Torrey) S. Watson Chenopodiaceae
Coleogyne ramosissima Torrey Rosaceae
Hymenoclea salsola A. Gray Asteraceae

Isomeris arborea Nutt. Capparaceae
Larrea tridentata (DC.) Coville Zygophyllaceae

Lepidospartum squamatum (A. Gray) A. Gray Asteraceae

Lycium undersonii A. Gray Solanaceae

Predawn water potential of woody plant branch-
lets or leaves estimates availability of soil

moisture. More negative values indicate less

available soil moisture reserves. Plants that can
tolerate more negative water potentials can
continue to extract soil water when plants that

are less tolerant are no longer able to obtain

enough soil moisture. Thus, species and commu-
nities that tolerate more negative predawn and
midday water potentials and in which water is the

most limiting resource will have a lower R*.

Differences in soil moisture and species water
potential may also be related to the invasibihty of
these communities by non-native species. Arid and
semi-arid communities with a lower R* would be

predicted to be vulnerable to invasion by fewer

species (i.e., only the limited number of potential

invaders that are most water stress tolerant) (Pratt

and Black 2006). Results are discussed as they

apply to the invasion potential of communities.
However, it should be noted that such results apply
only to woody shrub species because predictions of
competitive outcomes based on limiting resources

appear most useful among similar functional

groups (Krueger-Mangold et al. 2006).

Materials and Methods

Three diverse semi-arid sites were selected

based on their abundance of woody shrub

species. These sites represented chaparral, coastal

sage, and Mojave Desert plant communities
occurring in the winter rain-fall area of southern

California (Fig. 2; see Jacobsen et al. 2007, 2008
for site descriptions). The chaparral site was
dominated by 10 woody plant species, the coastal

sage site was dominated by 9 woody plant

species, and the Mojave Desert scrub community
was dominated by 10 woody plant species

(Table I). These species accounted for 89, 99,

and 73% of the woody plants in each community,
respectively. The average annual precipitation for

these sites is approximately 440 mm for both the

chaparral and coastal sage communities and
180 mm for the Mojave Desert site (average

annual precipitation from 1999 2007 based on
the July to June rain year).

At each site, woody shrub species were
sampled using a modified point-quarter samphng
method to determine basic stand structural

characteristics (Cox 1985). Fifty-four to 60 points

were sampled at each site and plant height, basal

diameter, crown diameter, and interplant basal

and crown distance were all deteiTnined. Differ-

ences in traits among communities were tested

using ANOVAs (Statview v. 5.0.1, SAS Institute

Inc., Gary, NC, USA).
Percentage volumetric soil moisture content

(mVm^) was measured monthly from late August
2006 through April 2007 at each of the three sites.
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Table 2. Means and Standard Errors of Canopy Height, Crown Diameter, Basal Diameter, and
Distance Between Individual Plant Bases and Crowns in Three Plant Communities: Chaparral,
Coastal Sage, and Mojave Desert Scrub. Different letters in each column indicate significant differences

among communities. ' From outside edge of base to outside edge of base. - From edge of crown to edge of crown.

Vegetation type Height (m)

Crown diameter

(m)

Basal diameter

(m)

Distance between Distance between
bases' (m) crowns- (m)

Chaparral

Coastal Sage Scrub
Mojave Desert Scrub

2.57 ± 0.07 a

0.83 ± 0.03 b
0.75 ± 0.03 c

1.87 ± 0.08 a

0.99 ± 0.05 b
1 .03 ± 0.04 b

0.17 ± 0.01 a

0.10 ± 0.01 b
0.18 ± 0.00 a

0.64 ± 0.05 a

0.61 ± 0.03 a

1.67 ± 0.08 b

-1.15 ± 0.06 a

-0.47 ± 0.04 b
0.70 ± 0.08 c

Voluinetric soil moisture content of the upper soil

layers (upper 30 cm) was measured at the base of

the same individuals at each sampling time (n =
14^26) using a TDR probe (CS615, Campbell
Scientific, Inc., Logan, UT, USA) attached to a

datalogger (CR23X Micrologger, Campbell Sci-

entific, Inc., Logan, UT, USA). Within each site,

values for sample locations were compared using

repeated measures ANOVAs. Minimum seasonal

soil moisture of each site was determined as a

community wide mean from the month with the

lowest soil moisture values. Minimum volumetric

soil moisture across communities was compared
using ANOVA followed by a Bonferroni/Dunn
post-hoc analysis (Statview v. 5.0.1, SAS Institute

Inc., Cary, NC, USA).
Monthly water potential was measured at

midday on all dominant woody shrub species at

each site from February 2006 and continuing

through April 2007 (see Jacobsen et al. 2008 for

Methods) using a pressure chamber (Model 2000
Pressure Chamber Instrument, PMS Instruments,

Corvalis, OR, USA). Predawn water potentials

were sampled during the dry season in August
and September 2006. Water potential was mea-
sured on leaves or small branchlets (for species

with very small leaves) from six individuals per

species at each sampHng period. Mean water

potentials were calculated for each species at each

sampling time. These values were pooled across

species and the frequency of water potentials

were calculated for each community in order to

determine the community wide range in soil

moisture resource use.

The invasibility of communities was compared
to current non-native and invasive species pres-

ence in communities by determining the number
of woody species occurring in each community,
including the percentage of these woody species

that are native to the region, not native, and
which are both non-native and also invasive.

Species were included as woody species if they

were reported by Hickman (1996) to be trees,

shrubs, subshrubs, or woody perennials. Species

presence in communities was determined based
on species geographic ranges and ecology report-

ed in Hickman (1996), The Jepson Manual
Online (University of California and Jepson
Herbaria 2001) and regional floras (McAuley
1996; Dale 2000; Faull 2005).

Results

Plants within these three communities differed

in height, crown diameter, and basal diameter

(Table 2). Overall, chaparral species were taller

and had greater crown diameters relative to the

other two communities (Table 2). The distance

between plants was not different among the

chaparral and coastal sage communities although

crown overlap was greater in the chaparral due to

their significantly wider crown diameters. Indi-

viduals occurring at the Mojave Desert site were
further apart than in the other two communities
and this, combined with their smaller canopy
sizes, resulted in an open canopy (Table 2).

Dry season volumetric soil moisture of the

shallow soil layers significantly differed among
the sites and with season (Figs. 3 and 4C). These
sites do not differ in soil texture at the measured
soil depth (Jacobsen et al. 2007) so these

differences should equate to differences in soil

water potential of the shallow soil layers of these

sites; however, we did not measure soil water

potential versus volumetric soil moisture for these

sites.

Dry season soil moisture values for the fall of ;

2006 followed an average rain year and thus ]

should be representative for soil moisture condi- i

tions in average years during the dry season. The
three communities significantly differed in their

;

dry season volumetric soil moisture content

(Fig. 4C, P < 0.001). Minimum volumetric soil i

moisture content of the Mojave Desert site was
the driest (7.1 ± 0.1%, P < 0.001 compared to the

,

chaparral and coastal sage scrub), the chaparral

site was intermediate (10.3 ± 0.6%, P < 0.001

compared to the coastal sage scrub), and the
|

coastal sage scrub site had the most moist dry

season soil (20.3 ± 1.0%). All of the sites

exhibited significantly higher soil moisture values

during the wet season from December to March
(Fig. 2); however, rainfall during the winter;

2006-2007 wet season was much less than
j

average (approximately 100-130 mm across all
j

sites), so wet season soil moisture values may
deviate from the typical pattern in an average

rainfall year.

Midday water potentials were strongly corre-

lated with predawn water potentials in August

and September (P < 0.001, r- = 0.771; Jacobsen ;
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Fig. 3. Volumetric soil moisture content of the upper soil layers (upper 30 cm) measured from late August 2006

through April 2007 at each of the three arid shrub communities (chaparral, coastal sage, Mojave Desert). Within

each panel, different letters indicate soil moisture values that are significantly different.

et al. 2007; Pratt et al. 2008). Midday water

potentials were approximately one MPa lower

than predawn water potentials measured on the

same plant (range of 0.88 to 1.17 MPa difference

between predawn and midday).

The three communities examined in the present

study differed in the minimum midday water

potentials that could be tolerated by species

within each community (Fig. 4A and B). Species

within the Mojave Desert community reached

the lowest water potentials (
— 9.2 MPa), spe-

cies within the chaparral were intermediate

(
— 8.7 MPa), and woody species from the coastal

sage scrub community experienced the least

negative water potentials (
— 5.4 MPa). All of

the communities had some species that main-
tained relatively high water potentials even in the

dry season (Fig. 4A and B). These minimum
water potential values are consistent with site

differences in dry seasonal soil moisture content

(Fig. 4C).

At present, the coastal sage contains more non-
native and invasive woody species than the

chaparral and Mojave Desert communities (Ta-

ble 3). In the coastal sage, 39% of the woody
species are non-native, compared to only 21.1%
for the chaparral, and 7.1% for Desert Scrub. Of
woody species that are categorized as invasive or

noxious, the coastal sage contains 4.4% invasive/

noxious species compared to only 2.5% for the

chaparral and 0% for the Mojave Desert scrub.

Discussion

Species of woody shrubs in the chaparral,

coastal sage, and Mojave Desert communities are

able to tolerate relatively low water potentials

(less than —7 MPa in all communities compared
to a limit of —2 MPa for most crop plants; Tyree
and Zimmerman 2002). Among these three

communities, the Mojave Desert community
contains the species that experience the lowest
water potentials seasonally and therefore are able
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Fig. 4. The frequency of water potential occurrence in

three arid plant communities, the chaparral (medium
gray fill, solid line), coastal sage scrub (black fill and
dashed line) and Mojave Desert scrub (light grey fill,

dashed-dotted line) (A and B) and the minimum
seasonal volumetric soil water content for these same
three communities (C). Different letters after bars in

panel C indicated soil moisture values that are

significantly different.
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Table 3. The Number of Woody Species Occurring in Three Plant Communities of Southern
California, Including the Percentage That Are Native to the Region, Not Native, and Are Both
Non-Native and Invasive. ' Includes only chaparral and coastal sage species that are distributed in the western

Transverse Ranges of southern California. This includes species that have distributions that are more extensive

than this region but which include it, such as species that have ranges of the south west of California or the

California Floristic Province.

Community Number of woody species Native (%) Non-native (%) Invasive/noxious (%)

Chaparral 203 78.8 21.2 2.5

Coastal Sage Scrub 182 61.0 39.0 4.4

Mojave Desert Scrub 154 92.9 7.1 0.0

to utilize more limited shallow soil moisture

reserves than species in the other two communi-
ties. This suggests that among these communities,

the Mojave Desert community has the lowest R*
value compared to the other communities,
assuming that soil moisture availabihty is the

most limiting resource. Differences in soil mois-

ture availability between the Mojave Desert

community and the chaparral and coastal sage

communities are likely related to differences in

precipitation as well as differential water use by
the species present in these communities (Jacob-

sen et al. 2008).

Among sites that receive the same amount of

precipitation, differences in woody plant water

use significantly affect soil moisture availability.

In the present study, the chaparral and coastal

sage sites experienced similar annual rainfall

(approximately 440 mm) and had similar soil

texture (Jacobsen et al. 2007), yet they have
different dry season soil moisture levels. This is

presumably because of differences in water use by
species in these communities (Jacobsen et al.

2008). Species in the chaparral community are

able to attain and survive lower water potentials

than species within the coastal sage community
allowing them to draw shallow soil moisture

down to lower levels. Such biotically mediated
differences in water resource availability are

predicted to occur (Huxman et al. 2005) and
have been reported in other communities (re-

viewed in Levine et al. 2003). Among the

chaparral and coastal sage communities, this

difference in water use may be related to the

drought evading strategy of coastal sage species,

many of which have seasonally dimorphic leaves

or reduce their canopies during the dry season,

compared to the evergreen chaparral species

which maintain a full canopy and utilize a

drought resisting strategy (Mooney 1989).

Community water use of deeper soil layers may
be very different than the patterns found in the

present study, which examined only shallow soil

layers (<30 cm soil depth). Indeed, different

species within these communities tap different

soil layers (Hellmers et al. 1955) and shift

between shallow and deeper soil layers seasonal-

ly. Additionally, plants in different communities
display differential water use patterns (Jacobsen

et al. 2008). However, differences in the soil

moisture of shallow soil layers may be particu-

larly important in the establishment of woody
plant seedlings and in determination of the

invasibility of these communities.

Dry season soil moisture has been found to be

linked to seedling survival for five woody species

from the Mediterranean Basin (Spain) (Padilla

and Pugnaire 2007). Since most of the invasive or

naturalized species already present in these

California communities are native to other

Mediterranean-type climate regions (Knops
1995; Salo 2004; Keeley 2006), the results of this

recent study may be particularly applicable to

these southern Californian communities. At dry

season soil moistures over 18% nearly all of the

studied Mediterranean seedlings survived, where-

as there was very little survival at <12% soil

moisture, and no survival predicted for soil that

had <8% soil moisture (Padilla and Pugnaire

2007). The amount of available water for a given

soil moisture content varies depending on soil

texture, which differed between the study by
Padilla and Pugnaire (2007) and the sites in the

present study. Therefore, at the same percentage

soil moisture there would be slightly more water

available to plants in the southern California

communities (with sandy and loamy sand soils;

Jacobsen et al. 2007) compared to the site in

Spain where plants were grown in silt soil. Yet,

the results suggest that while the chaparral and
Mojave Desert communities (with 10% and 7%
dry season soil moisture content, respectively)

would be able to resist invasion (in an average

year), nearly all seedhngs of these Mediterranean

species would be able to persist in the coastal sage

community through the dry season (20% dry

season soil moisture content).

While dry season data in the present study

were collected during an average rainfall year, it

should be noted that the invasion process is likely

dependent on stochastic abiotic events including

disturbances such as land use changes or fire, and

altered weather patterns that result in greater

than average levels of precipitation (Davis et al.

2000; Mazia et al. 2001; Lloret et al. 2005). These

factors also suggest that, at present, the coastal

sage community may be the most susceptible to

invasion relative to the chaparral and Mojave
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Desert communities. When sites experiencing

similar rainfall are examined, coastal sage shrub

species are less able to lower the level of available

soil water resources relative to chaparral species.

Additionally, the coastal sage community is at

least partially disturbance dependent and likely

experiences more disturbance than the other two
communities at present.

The predicted differences in susceptibility to

non-native and invasive species among these

communities (predicted by water resource limita-

tion of these communities and R*) are consistent

with current numbers of non-native woody
species in these communities (Table 3). The
coastal sage contains more non-native and
invasive species than the chaparral and Mojave
Desert communities. In both the coastal sage and
chaparral communities woody invaders are pre-

dominantly native to other Mediterranean-type

climate regions and include. Acacia spp., Nicoti-

ana g/auca, Cytisus spp. and Spartium spp.

(Knops et al. 1995; Keeley 2006).

Arid and semi-arid sites that exhibit low
productivity appear to be less broadly susceptible

to invasion than more moist and productive sites

(Stohlgren et al. 2002; Otto et al. 2006); however,

semi-arid and arid plant communities in southern

California have still experienced significant inva-

sion by non-native species. Most of these invasive

species are annual herbs and grasses (Knops et al.

1995; Sax 2002; Salo 2004; Keeley 2006; Lambri-
nos 2006). While invasion of these communities by
annuals appears to be at least partially dependent
on increased nitrogen availability (Brooks 2003;

however see Padgett and Allen 1999), the timing

and availability of soil moisture is also important

(Salo 2004). Indeed, the shallow moisture available

in the coastal sage site examined in the present

study would be readily utilized by shallow rooted

annuals and herbaceous species and we observed a

greater density of non-native annuals and herba-

ceous species at this site compared to the chaparral

and Mojave Desert sites.

The R* rule and similar models have been
useful for predicting invasibility of some commu-
nities. Using this model to predict susceptibility

to invasion by woody shrub species in these three

woody shrub communities of southern California

suggests that the coastal sage community may be
most susceptible to woody species invasion if soil

moisture is a limiting resource. This suggests that

monitoring and control of woody naturalized

shrubs may be most efficient if efforts are focused
i on this southern Californian plant community, as
I the chaparral and Mojave Desert communities
appear to be more impervious to shrub invasion.
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Abstract

Todsen's pennyroyal (Hedeouia todsenii R. S. Irving, Lamiaceae) is a federally endangered species

from the mountains of south central New Mexico that rarely produces seed. In vitro propagation

methods were developed to provide material for cryostorage and for reintroduction, if that becomes
necessary. Cultures were initiated from shoot tips taken from the ex situ collection at The Arboretum
at Flagstaff, resulting in 12 genetic lines that were maintained on MS medium with 0.1 mg/L BAP and
0.01 mg/L NAA. Tests with other media commonly in use in CREWs Endangered Plant Propagation

Program indicated that MS medium with 0.5 mg/L BAP increased shoot production and MS medium
with 0.5 mg/L IBA increased root production over the maintenance medium. Other concentrations of

IBA tested did not improve rooting, and a pulse of IBA followed by culture on charcoal-containing

medium did not increase rooting significantly above the control. Approximately half of the plants

moved to soil survived acclimatization, regardless of previous treatments. Survival through
cryopreservation averaged 35% with no significant difference between the encapsulation dehydration

and encapsulation vitrification procedures, and shoot tips from all 12 lines have been banked in liquid

nitrogen for long-term storage. RAPD analyses indicated that there was less diversity among plants

that exist in close proximity in situ than among genotypes that are separated by more distance. These
propagation, cryopreservation, and genetic analysis protocols are all methods that can be used as tools

to provide support for the long-term conservation of this species.

Key Words: Cryopreservation, endangered plant, Hedeoma todsenii, in vitro, RAPD.

Hedeoma todsenii R.S. Irving (Todsen's pen-

nyroyal, Lamiaceae) (Irving 1979) is a federally

endangered species found in three population

clusters in the Sacramento and San Andres
Mountains of south central New Mexico. Be-

cause of its remote locations, most of the threats

to this species are natural, including fire, climate

change, limited natural habitat, and limited

sexual reproduction. However, changes in land

management, illegal grazing, and military activ-

ities may also pose threats (U.S. Fish and Wildlife

Service 2001).

Seeds of this species are rarely available for

propagation or preservation. H. todsenii has been
shown to be capable of out-crossing, but it

appears to have a low percentage of flowers

producing seed, a very low number of seeds per

flower, and a low germination rate in the

laboratory (Huenneke 1993). This study was
undertaken to develop in vitro propagation and
cryopreservation methods for H. todsenii to

supplement traditional ex situ conservation
methods and in situ conservation efforts.

In vitro methods can provide a variety of tools

for conservation. These include in vitro collecting

(IVC), a method for initiating tissue cultures in

the field (Pence et al. 2002). IVC can be used
when seeds are not available and when conditions

for the transport of cuttings may not be optimal.

In vitro propagation methods can then be used to

increase the nuinber of plants available for

reintroduction, research, education, etc. When
seeds are not available for gennplasm storage,

shoot tips from in vitro cultures can be cryopre-

served, and this can be an alternative method for

long-term germplasm conservation.

The growth of H. todsenii, as large mats, and
its low seed production and germination rate

have led to speculation that the plants are

primarily reproducing asexually in the wild.

Comparing DNA sequence information could

show whether they do in fact reproduce clonally

(Sydes and Peakall 1998). Random amplified

polymorphic DNA (RAPD) has been used to

reveal DNA sequence differences between species

and even those more subtle differences associated

with hybrids, ecotypes, or individual members of

a population (Krasnyanski et al. 1998; Liu et al.

2006). Analysis of the number of identical DNA
bands between individuals can be used to group
plants (Adains et al. 2003). Comparison of these

groupings to the geographical locations of the

plants can deteiTnine the apparent genetic diver-

sity, gene flow and genetic interaction within and
between separated populations (Morden and
Loeffler 1999; Skoula et al. 1999; Khanuja et al.

2000). This information can prove invaluable in

cases where an endangered species is being
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prepared for reintroduction (Maki and Horie

1999; Mattner et al. 2002). In the case of H.

todseuii, which appears to rely heavily on
vegetative reproduction, it would be of interest

to know the extent and distribution of genetic

variation within the species.

This study describes the application of in vitro

methods to the propagation and preservation of

H. todsenii. In addition, it describes the results of

RAPD studies on the in vitro lines established

and the genetic relationships of the populations

from which they originated.

Methods

Establishment of Cultures

Shoots of Hedeoma todsenii were obtained

from the ex situ collection at The Arboretum at

Flagstaff, and cultures were initiated twice using

two different methods.

Method 1. Multiple shoots were collected from
each of four plants and sent overnight to the

Center for Conservation and Research of En-
dangered Wildlife (CREW). These were then

surface sterilized with a 1:20 dilution of commer-
cial bleach with 0.05% Tween 20 for 10 min,

followed by 2 rinses in sterile, pure water. The
shoots were then placed onto medium in 25 X
150 mm borosihcate culture tubes with colorless

polypropylene closures, 15 ml of medium/tube.
The medium consisted of Murashige and Skoog
(1962) salts and minimal organics (Linsmaier and
Skoog 1965) (PhytoTechnology Laboratories,

Shawnee Mission, KS), 3% sucrose, 0.22% gelrite

(Kelco, San Diego, CA) ( =MS basal medium),
with 0.5 mg/L benzylaminopurine (BAP),
0.05 mg/L naphthaleneacetic acid (NAA), and
100 mg/L active benomyl (methyl l-(butylcarba-

moyl)-2-benzimidazolecarbamate, 95%) (Sigma-

Aldrich, St. Louis, MO). This medium was
similar, but not identical, to the medium reported

as effective in propagating a related species, H.

muhiflorum (Koroch et al. 1997). Multiple shoots

were cultured from each of the four genetic lines

received. Contamination was monitored visually,

and when it was found in some of the original

isolates, the tissues were cut to remove contam-
inated areas, re-sterilized and placed on the same
medium with the addition of 500 mg/L carben-

icillin and 200 mg/L cefotaxime; both were filter

sterilized and added to the autoclaved medium
(all antibiotics were from Sigma-Aldrich). Even
though there was contamination in some of the

cultures, some material from each genetic line

survived to establish lines HT-1 to HT-4.

Method 2. This method used the technique of

JVC (in vitro collecting) (Pence 2005). One shoot

tip was collected from each of 55 documented
genotypes. These were surface sterilized in the

field by wiping with 70% ethanol and were placed

into 7 ml borosihcate scintillation vials. Each vial

contained 2.5 ml of the same medium used
previously, except that antibiotics were added as

a drop (0.05 ml) of a freshly made, filter sterilized

solution (of 0.25 mg/ml vancomycin and 5 mg/ml
cefotaxime) into each vial, after the tissue was
added. The vials were then sent overnight to

CREW where they were evaluated for browning
and contamination. The 36 shoots that remained
clean and green after a week were transferred to

fresh medium of the same formulation, but

without fungicide or antibiotics. Nine (25%) of

these shoots initiated growth, and these were
subcultured onto GM medium (Table 1) and
maintained as lines HT-5 to HT-1 3. One line was
lost in subsequent culture, and lines HT-1 to HT-
12 were used for the growth experiments de-

scribed here. The survival of only 9 genotypes

from the original 55 collected resulted from the

fact that only one sample of each genotype was
collected. Other work in this laboratory has

demonstrated that collecting multiple samples of

a particular genotype generally ensures survival

of at least one sample from which cultures can be

established (Pence 2005). At the time of the H.

todsenii collections, the development of propaga-

tion protocols was the goal, rather than the

initiation of multiple genotypes. In subsequent

collections, multiple samples have been cultured

from each genotype, when possible.

Shoot Propagation and Rooting

Propagation and further experiments with

these cultures centered on the use of three media
that have been in standard use in the Endangered
Plant Propagation Program at CREW. All were

MS basal medium with 0.8% agar replacing

gelrite, with no antibiotics or fungicide. The
media included a low hormone, general mainte-

nance medium (GM medium); a second propa-

gation medium with a higher level of cytokinin (P

medium); and a rooting medium (R medium)
(Table 1). These were tested with H. todsenii to

quantify their effects on growth and rooting.

Stock maintained on GM medium was used for

all experiments. Cultures in tubes, as described

above, were maintained at 26 C, under Cool-

White fluorescent lights, 16:8 hrs light:dark cycle,

at approximately 40-60 |Limol/m2/s photosynthet-

ically active radiation (PAR). All genotypes were

labeled and maintained separately.

In Experiment 1, shoot and root production

were compared on GM, P, and R media. Shoots

of all 12 lines were cultured on all three media, 20

shoots of each line on GM and R media and 10

shoots of each line on P medium. The number of

shoots produced per culture, the number of

shoots with roots, and the number of roots per

shoot were recorded after two months. This
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Table 1. Growth Regulator Concentrations
IN Media for Propagating H. todseni Tested in

Two Experiments. 1) A comparison of three media

commonly used in this laboratory; and 2) a comparison

of four concentrations of IBA. All media contained MS
basal medium with 0.8% agar.

Growth regulator (mg/L)

Test Medium BAP NAA IBA

Experiment 1 GM 0.1 0.01 —
P 0.5 — —
R — — 0.5

Experiment 2 0 IBA — — 0

0.5 IBA — — 0.5

2 IBA _ — 2

10 IBA -- — 10

experiment was done twice with all 12 genetic

lines. The shoot multiplication rate for stem

pieces with nodes vs. shoot tips was also

determined using GM medium alone, and the

number of shoots resulting after two months of

culture was recorded. This experiment was also

done with all 12 genetic lines.

In Experiment 2, media with MS basal medium
with agar and either 0, 0.5, 2 or 10 mg/L IBA
were tested. Although this was done specifically

to enhance rooting, the shoot multiplication rate,

the number of shoots with roots, and the number
of roots per shoot were all recorded after two
months. This experiment was done twice with all

12 genetic lines, 10 shoots of each line on each of

the four media per replicate. An alternative

method for rooting was also tested, using a 7-

day pulse on MS basal medium plus agar and 0

or 50 mg/L IBA followed by culture on Woody
Plant (WP) basal medium (Lloyd and McCown
1980) plus 0.8% agar and 0.05% activated

charcoal ( Sigma-Aldrich). After two months on
charcoal, the presence or absence of roots was
scored, and this experiment was done twice with

each of the 12 genetic lines of H. todsenii.

Acclimatization

Rooted shoots were carefully removed from
culture, rinsed to remove medium from the roots,

and planted in a moist 4:1:1 mix of commercial
play sand: soil mix (a coarse, custom soil mix,

Ammon Wholesale Nursery, Burlington, KY):
clay (from a wooded area in southwestern Ohio).

Because of its availability, an autoclave was used
to sterilize the soil. Soil was approximately 3 cm
deep, in 10 X 10 X 11.5 cm polystyrene culture

boxes (Phytotech) with lids. These were incubated
in the laboratory under fluorescent lights (a mix
of Gro-Lux and CoolWhite), 16:8 hr light:dark

cycle, 45 ± 10 |imol/m-/s PAR, at 21-23°C and
ambient humidity outside the boxes. Each
container had four, 1 cm diam. drainage holes

in the bottom and one, 2 cm diam. Sun Biofilter

membrane (Sigma-Aldrich) over a hole approx-
imately 1 cm in diam. in the lid. The plants were
monitored carefully and the boxes watered with

purified (reverse osmosis) water when needed to

avoid the chlorine and calcium in the local water

source. The plants were carefully watched, and if

they remained green and unwilted, after 5 wk the

lids were loosened and opened slightly. Lids were
opened more every 2-3 d until the plants

appeared stable and acclimatized, at which time

the lids were removed completely. Survival of

plants taken from an IBA pulse experiment and
from the IBA concentration experiment was
compared after 7 wk.

Cryopreservation of Shoot Tips

Shoot tips, approximately 1 mm in length, were
isolated for cryopreservation from cultures 34 to

51 d in age that had been grown on MS basal

medium with 0.5 or 1.0 mg/L BAP. After

isolation, shoot tips were placed onto GM
medium plus 0.3 M mannitol and 10 |aM abscisic

acid (ABA) with 0.8% agar in 60 X 15 disposable

petri plates, 15 ml of medium per plate, for a

preculture of 48 hr. Shoot tips were then prepared

for liquid nitrogen (LN) exposure using either the

encapsulation dehydration procedure (10 trials)

(Fabre and Dereuddre 1990) or the encapsulation

vitrification procedure (24 trials) (Hirai et al.

1998). With the encapsulation dehydration pro-

cedure, 5-10 tips each were recovered as controls

after the preculture, encapsulation, and pretreat-

ment steps, while 10-20 tips each were tested after

the drying and LN exposure steps. With the

encapsulation vitrification procedure, 5 10 tips

each were recovered as controls after the

preculture and encapsulation steps, while 10 15

tips each were recovered after the PVS2 and the

LN exposure steps.

The percent of moisture remaining in samples

of some beads that were air dried during the

encapsulation dehydration procedure was deter-

mined gravimetrically by weighing the dried

beads, placing them in an oven at 95 C overnight

and then reweighing the beads. The percent

moisture was calculated on a wet weight basis.

After LN exposure for at least 30 min, shoot

tips from the encapsulation dehydration proce-

dure were thawed at ambient temperature for

20 min and transferred to recovery plates of GM
medium. Those from the encapsulation vitrifica-

tion procedure were thawed in a 38°C water bath,

rinsed with a solution of 1.2 M sucrose, and
transferred to plates of GM medium. For
recovery growth, shoot tips were incubated under
the same temperature and light conditions used

for culture maintenance. Survival was measured
as the number of shoot tips remaining green and
showing growth at 2 wk.
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Data Analysis

For growth experiments, data for the 12

genotypes were combined to evaluate the effects

of treatment, while data for treatments were
combined to evaluate the effects of genotype.

Data on shoot and root production and survival

through cryopreservation were analyzed using

StatView 5.0.1 (SAS Institute Inc.). One-way
analysis of variance (ANOVA) was calculated

and the significance of differences was deter-

mined by using the Tukey-Kremer post hoc test.

Genetic Analysis

Total genomic DNA was extracted from plants

that were micropropagated. Micropropagated
plants were initiated from material held at the

Arboretum at Flagstaff, originally collected from
the more northern of the two population clusters

in the Sacramento Mountains. According to

records, the collection sites were at or near the

following areas of separated populations. HT4
was collected on a north-facing slope. HT3, 1

1

and 12 were collected about 2200 ft ESE of the

collection site for HT4. Samples HT2, 5, 6, 7, 8, 9

and 10 occurred along a slope extending north-

east to southwest about 6000 ft ESE of the

collection site for HT4. HTl was collected from a

population about 7700 ft south of the collection

site for HT4. All plants were collected at

elevations above 6200 ft.

Weighed samples (ca. 100 mg) were frozen in

LN, ground to a fine powder, and extracted by a

modification of the CTAB procedure (Stewart

and Via 1993). Yields of DNA of at least 30 |Lig

were typical. Concentrations of DNA were
determined using a Pharmacia Ultrospec Plus

spectrophotometer (Uppsala, Sweden). The aver-

age ratio of absorbance at 260 nm/280 nm was
1.6. The apparent DNA concentration was
adjusted to 50 |ag/ml with TE buffer and used

without further cleanup.

Polymerase chain reactions were run in an
Idaho Technology (Salt Lake City, UT) Rapid-
cycler using borosilicate glass capillary tubes

(part no. 1706). Samples were prepared and run

in duplicate or triplicate. Each sample tube of

10 |al contained 50 mM Tris (pH 8), 4 mM
MgCb, 20 mM KCl, 0.005 mg BSA, 0.1 mM
dNTPs, 0.6 units TAQ (TaKaRa), 0.4 |liM ten-

base oligomer (ten-mer) and 10 ng genomic
DNA. The amplification protocol was 1 min at

92"C followed by 2 cycles of 7 sees at 42°C, 70 sees

at 72 C and 60 sees at 92 C, then 38 cycles of

7 sees at 42 C, 70 sees at 72 C, 1 sec at 92°C, with

a final 4 min at 72 C. Ten-mers were obtained

from Operon Technologies (now www.GeneLink.
com) and their numbering system was used.

Gels were prepared by microwaving Seachem
GTG agarose (BioWhittaker Molecular Applica-

tions, Rockland, Maine.) at 1.6% in TBA buffer

(0.0005% ethidium bromide was added just

before the 50 C agarose was poured). Samples
from the capillary tubes ( 10 |dl) were mixed with a

2 |al solution of 50% glycerol containing bromo-
phenol blue and xylene cyanole as marker dyes.

Comparison to a 100 bp ladder was used to

estimate fragment size. Electrophoresis was
carried out at 80 volts on a 5 X 8 cm gel. The
separated fragments were visualized using a UV-
transilluminator and photographed in black and
white with a digital camera (Sony Mavica FD83).
Photos were digitally enhanced to improve
contrast using ArcSoft Photo Studio 2.0 (Arc-

Soft, Inc., Fremont, CA) software and printed on
an HP Deskjet 890C. Scoring of RAPD bands
was done directly on the printed output.

From an initial group of ten different ten-mers,

four were selected based on the reproducible and
discrete banding patterns in the RAPD assay:

Operon numbers All (CAATCGCCGT), AB05
(CCCGAAGCGA), Gl 7 (ACGACCGACA) and
X03 (TGGCGCAGTG). The presence or ab-

sence of a total of 49 individual bands was scored

as a character when a band was present in at least

one of the twelve lines of micropropagated H.

todsenii. Each band was considered a separate

character, and infoiTnation on the presence or

absence of a band was analyzed using the Phylip

package of programs (Nei's Distance Measure,
RESTDIST, and the Neighbor-Joining program,
NEIGHBOR). The resulting tree indicated the

clustering of individual plants into groups based

on number of bands in common (Felsenstein

1983, 1985; Backeljau et al. 1995).

Results

Shoot Propagation

An average of over 5 shoots per culture

developed after two months on GM medium,
but propagation rates were increased significantly

on P medium (Table 2). Significantly less shoot

propagation occurred on R medium, which was
used to initiate rooting. There was no difference

in the rate of shoot multiplication at 0, 0.5 or

2 mg/L IBA, but there was a small but significant

increase in shoots on 10 mg/L IBA.

Propagation on GM was compared in stem

pieces with and without apices. While there was
propagation from both explants, there were

significantly more shoots from apical pieces

(6.37 ± 0.25) than from nodes of decapitated

shoots (5.68 ± 0.25) (P < 0.05).

When shoot multiplication rates were com-
pared between lines in these three experiments,

there was only one consistent difference between

lines. In each experiment, HT-9 was among the

top three lines in the number of shoots produced,

while HT-3 was always among the lowest three.
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Table 2. Average Number of Shoots, Roots Produced Per Shoot, and Percent of Shoots Rooting in

Two Experiments. 1) A comparison of three media commonly used in this laboratory; and 2) a comparison of

four concentrations of IBA. All media contained MS basal medium with 0.8% agar. Lower case letters indicate

statistical differences for the parameter measured within the experiment (P < 0.01).

Test Medium Shoots/culture Roots/shoot Rooting %
Experiment 1 GM 5.53 ± 0.16a 0.9 ± 0.1 la 27.43 ± 6.5a

P 8.10 ± 0.35b 1.33 ± 0.22a 29.85 ± 8.0a

R 4.21 ± 0.14c 3.88 ± 0.26b 62.68 ± 8.5b

Experiment 2 0 IBA 2.80 ± 0.13a 2.82 ± 0.20ac 66.88 ± 3.59a

0.5 IBA 3.25 ± 0.14a 3.61 ± 0.23a 69.95 ± 5.00a

2 IBA 3.39 ± 0.17a 3.25 ± 0.23a 70.53 ± 4.06a

10 IBA 4.23 ± 0.21b 2.09 ± 0.19c 50.65 ± 6.33a

There was also a significant difference between
the number of shoots produced from these two
lines in all three experiments (P < 0.05).

Rooting

When rooting was compared on GM, P, and R
media, root initiation occurred on all three

media, but there were significantly more shoots

producing roots as well as significantly more
roots per shoot on the IBA-containing R medium
(Table 2). When higher levels of IBA were tested,

they did not increase the rate of rooting, and a

small decrease in the number of roots per shoot

was seen on 10 mg/L compared with 0.5 and
2.0 mg/L IBA. Roots produced on medium with

10 mg/L IBA were generally longer than on other

media, but they were more likely to be aerial and
produced from nodes above the medium (data

not shown). When genetic lines were compared in

this experiment, lines HT-2, HT-4, and HT-5 had
significantly more rooting than other lines (P <
0.05) in both experiments.

Rooting was also obtained from shoots that

were cultured for 7 d on 0 or 50 mg/L IBA
followed by two months on charcoal medium
with no hormones. Rooting from the control

(53.2 ± 7.5%) was not statistically different from
the IBA treated shoots (65.3 ± 5.6%)

Acclimatization

Of 225 plants acclimatized in two rooting

experiments, 54% were surviving at one month.
There was no statistical difference in the survival

rates of plants rooted with the IBA pulse and
IBA concentration experiments and no differenc-

es in the survival of rooted plants from any of the

individual treatments in those experiments or
from different propagation media. There also

appeared to be no effect of genetic line on
survival through acclimatization in these trials.

Cryopreservation

Survival of shoot tips through cryopreserva-
ftion ranged from 10-93%, with an average of

35%, but there was no significant difference in the

average rates of survival using encapsulation

dehydration (29.9 ± 4.5%) and encapsulation

vitrification (37.4 ± 4.0%). Moisture levels were
determined in five of the encapsulation dehydra-
tion experiments and ranged from 14.1% to

24.3%, with an average of 20.0%. In this range

of moisture, survival ranged from 20% (24.3%
moisture) to 53% (22.8% moisture) with no
correlation between moisture and survival.

Analysis of survival data for the steps in the

encapsulation dehydration procedure indicated

that there was no significant difference in survival

through the first three steps, but that survival

decreased significantly with LN exposure (P <
0.01) (Fig. 1). Similarly, with the encapsulation

vitrification procedure, there was a significant

decrease in survival with LN exposure (P < 0.01).

Genetic Analysis

In spite of the small number of samples
available from each location there was a remark-
ably consistent correlation of the within-popula-

tion diversity with the collection location (Fig. 2).

For example, HTl and HT4 were collected from
sites 1 and 4 that were separated by the greatest

distance, and these had fewer characters in

common. They also differed from HT3, HTll,
and HTl 2, which were collected from several

plants in the same locale but on a different

mountain slope (site 2). HT2 and HT5-10 were
collected from yet another slope (site 3) and,

while they showed some differences, HT5, HT8,
HT9 and HTIO were remarkably similar. These
preliminary results suggest a possible association

of low genetic diversity within populations and
greater diversity between populations.

Discussion

This work demonstrates that in vitro methods
and biotechnology have the potential for playing

a role in the conservation of H. todsenii. This

species is found in three small isolated clusters of

populations in the mountains of New Mexico and
is threatened by its limited numbers, drought.
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Fig. 1. Survival of shoot tips of H. todsenii through two cryopreservation protocols: encapsulation dehydration
(EDeh) and encapsulation vitrification (EVit). Survival was tested after preculture (precult), encapsulation (encap),

pretreatment (pretr) (EDeh only), PVS2 (EVit only), drying (EDeh only), and liquid nitrogen exposure (LN). For
each protocol, different letters indicate significant differences (P < 0.01).

climate change, and its apparent limited ability for

sexual reproduction. The methods described here

can supplement traditional methods for propaga-
tion and germplasm analysis and storage, in order

to provide a back-up for the natural population

and to assist in its effective conservation.

The establishment of the in vitro cultures used

in these experiments was done both by IVC and
by processing cuttings sent to the lab by overnight

shipment, demonstrating that either method can
be utilized with this species. The media and
methods used for propagating H. todsenii shoots

in vitro are similar but not identical to those used
elsewhere to propagate H. multiJJorum (Koroch et

al. 1997). With the latter, half-strength MS
medium with a higher level of BAP was used for

propagation, while indoleacetic acid (lAA) was
used for rooting. With H. todsenii, higher

concentrations of BAP resulted in hyperhydric

shoots, and thus the low concentration of BAP in

the GM medium was used. In the case of

acclimatization of H. todsenii, the method used
for propagation or rooting did not appear to

affect survival ex vitro. Similarly, Koroch et al.

(1997) observed no effect on survival of different

sucrose concentrations used in preconditioning H.

nmltiflonmi for acclimatization.

This work was done as part of the Endangered
Plant Propagation Program at CREW, where
multiple endangered species are targeted for

study at any one time. In dealing with a new
species, a few media that have worked well with

other species for propagation and rooting are

tested first and then modified as needed. Since

mass propagation on a commercial scale is not

the goal, demonstrating the technique and
producing a few hundred plants may be done
without optimization of the media. In these

studies with H. todsenii, three media that are

used frequently in this lab were at the core of

these studies, and both shoot and root initiation

were measured on all of these. The protocols

established have since been used to initiate

cultures from shoots of new genotypes sent to

CREW as shoots from both an ex situ collection

and a wild population. Based on the results of

these studies, the higher level of cytokinin (P

medium) is used to initiate and build up the

number of shoots in cultures, even though these

cultures may tend to become hyperhydric if

maintained at length on this medium. Then the

lower hormone medium (GM) is used to main-

tain and normalize the cultures. Rooting is done
on the R medium, as these studies indicated no
benefit of increased IBA concentrations.

Shoot tips of H. todsenii survived cryopreser-

vation protocols and were banked in liquid

nitrogen for long-term storage. Successful cryo-

preservation of shoot tips has also been reported

for other Lamiaceae species, including several
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Fig. 2. A tree reflecting distance measures made from
RAPD analyses of 12 lines of H. todsenii. The four

collection sites are indicated by number of asterisks.

Note the correlation of the similarity of RAPD
characters with the geographical location of the plant.

species of Mentha and Solemostemon rotimdifo-

lius (Towill 1990; Hirai and Sakai 1999; Sakai et

al. 2000; Niino et al. 2000) using encapsulation

dehydration and vitrification procedures. The
effects of cold-acclimation and of the vitrifying

solution on Mentha shoot tips have also been
studied (Volk et al. 2006; Senula et al. 2007). In a

comparison of three cryopreservation methods
using Mentha spp., controlled cooling gave the

highest survival, but good survival was also

observed using either encapsulation dehydration
or vitrification, with some variation depending on
the genotype (Uchendu and Reed 2008). In our
studies, encapsulation dehydration and encapsu-
lation vitrification gave comparable survival with
H. todsenii.

The results of genetic analysis using RAPDs
shows that intra-population diversity was less

than that seen between populations, but inter-

population diversity in this species was also low.

However, only 12 lines were available for

analysis, and these all came from only one of
the three population clusters of this species: the

northern cluster in the Sacramento Mountains.
Future studies are planned to obtain more

samples from the less accessible southern Sacra-

mento cluster, as well as from the cluster in the

San Andres Mountains, which is approximately
45 mi west of the two Sacramento Mountain
clusters. Analysis of genotypes from these other

areas will provide a more complete picture of the

inter-population diversity of H. todsenii. It should
also help direct ex situ conservation efforts by
identifying areas with the most diversity within

this species. Those areas could then be targets for

more intense collecting and storage ex situ.

Obtaining additional genotypes will also pro-

vide further material for germplasm storage.

Since seed production in this species is low and
the populations are in remote areas, seeds are

rarely available and seed banking is not an
adequate option for long-term ex situ conserva-

tion. As a back-up to the maintenance of an
actively growing ex situ collection at the Arbo-
retum at Flagstaff, shoot tips from multiple

genotypes of H. todsenii are being maintained at

CREW in LN for long-term storage. Although
more labor intensive than traditional seed bank-
ing, cryostorage of shoot tips may provide the

only method currently available for ex situ

banking of germplasm from species producing
few or no seeds.

As an isolated mountain species, H. todsenii is

among the species most vulnerable to the effects

of climate change, while its small numbers make
it vulnerable to drought, fire, or other cata-

strophic environmental events. In vitro methods
provide a variety of tools that can aid in the

conservation of the endangered H. todsenii. In

vitro culture, which can be initiated by IVC, if

needed, can readily propagate shoots that can be
rooted in vitro, providing plants that can be
acclimatized to soil. In vitro cultures provide

shoot tips that can be cryopreserved as a

substitute for seed banking. They also provide

material that can be analyzed readily by RAPDs
for genetic diversity, which, in turn, can provide

direction for targeting further collections in areas

of greatest diversity. These ex situ activities can,

in turn, provide a back-up to conservation efforts

to protect the species in situ and ensure the

maintenance of H. todsenii into the future.
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Abstract

Hazanlia orcuttii (A. Gray) Greene is a 5-10 dm tall perennial shrub that is native to coastal sage
scrub communities of southern California and northern Baja California. This species was listed as
threatened by the California Department of Fish and Game in 2002 and is a federal candidate species,
and the only known population in the U.S. is on a 1.6 ha mesa located in Encinitas, California. Very
httle IS known about the general ecology of this species, thus, the goal of this research was to
characterize the basic soil physical and chemical properties and plant community characteristics
associated with this species. Research was conducted between January 2004 and July 2005 in 12.56 m-
randomly-located plots that either contained or lacked H. orcuttii. Soil in plots containing H. orcuttii
had significantly higher clay, soil organic matter, total N, and soil moisture content than plots lacking
H. orcuttii, while plots lacking H. orcuttii had significantly more surface litter content. Significant
differences were also observed in plant species abundance between plots containing and lacking H.
orcuttii, indicating fundamental differences in plant community composition associated with patches
of H. orcuttii. Our data support the notion that H. orcuttii is a soil endemic; however, it is unclear
whether H. orcuttii prefers soil richer in clay or is restricted to these soils because of other factors.
Given the restricted nature of H. orcuttii, and the proximity of the extant population to residential
areas, habitat protection from human degradation and fire should be a high priority.

Resumen

Hcizarclia orcuttii (A.Gray) Greene es un arbusto perenne que mide 5-10 dm de alto que es nativo a
la comunidad perteneciente de la salvia chaparro costeno en el sur de California y el la parte fronterizo
de Baja California Norte. Esta especie fue enumerada como una que eata bajo de amenaza por el
Departamento de California pescaderia y casa en el 2002, y la unica poblacion en los Estados Unidos
esta en una mesa de 1 .6 ha ubicado en Encinitas, Calif Poco se sabe sobre la ecologia general de esta
especie, asi, el fm de esta inverrstigacion era de caracterisar las propiedades basicos fisicos y quimicos
de la tierra y las carecteristicas planta associadas con esta comunidad de esta especie. Invistigaciones
fueron condujidos entre Enero 2004 y Julio 2005 en 12.65 m- en parcelas establecidas al azar unos
conteniendo y otros careciendo H. orcuttii. Tierra en parcelas conteniendo H. orcuttii tenian
significativamente alto niveles de barro, mater organica del suelo, nitrogeno total, y contenido de
humedad del suelo que las parcelas careciendo H. orcuttii tenian significatimante mas contenido de
revoltura al superficie. Diferencias significativas fueron observados en la abundancia de especie de
plantas entre parcelas conteniendo y careciendo de H. orcuttii, indicando diferencias esenciales en el
compuesto de la comunidad de las plantas asociado con parches de H. orcuttii. Nuestros datos apoyan
la nocion que H. orcuttii es endemica de la tierra sin embargo, no es claro si H. orcuttii prefiere tierra
rico en barro o esta limitado a esta tierra por otros elementos. Dado por la naturaleza limitado de H
orcuttii, y la cercania de la proximidad de una poblaciones que existe en areas residenciales, proteccion
de los habitos degradantes causados por la humanidad y el fuego derian ser de alta prioridad.

Key Words: Asteraceae, biodiversity, chaparral, coastal sage scrub, human impacts, soil, threatened
plants species.

Habitat loss reduced the extent of coastal sage
scrub by 72% from 1970-1990 (Pryde 1992),
causing some plant and animal species to become
threatened or endangered. One such species,
Hazardia orcuttii (A. Gray) Greene (Orcutt's
Hazardia), is a 5-10 dm tall resinous evergreen
shrub in the Asteraceae family that is native to
Tiaritime sage scrub-chaparral communities of
southern California and northern Baja California
Hickman 1993) and was listed by the California
department of Fish and Game as threatened in
\ugust 2002 (Gogol-Prokurat and Osborne 2002).

Specimens collected between 1920 and 1985
indicate that the distribution of H. orcuttii ranged
from Encinitas, California to Punta Colonet.
Baja California, Mexico. The current distribution
is uncertain (Gogol-Prokurat and Osborne 2002)
and only two of the 13 previously documented
Mexican populations have been located as of
2004. This plant naturally occurs in only one
documented location in the United States, on a
1.6 ha mesa (elev. 90 120 m) approximately 5 km
from the Pacific coast near Lux Canyon in the
Manchester Conservation Area in Encinitas,
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California. Moreover, plants are distributed in

patches that occupy an approximately 0.15 ha
area located in the SW corner of the mesa. The
number of plants in this population has been
estimated to be 50 700 (Oberbauer 1981; Gogol-
Prokurat and Osborne 2002; Vourlitis et al.

2006). The population appears to be long

established (based on field observations of plant

size and woodiness), and voucher specimens from
1979 indicate that the population has been
established at Lux Canyon for at least 30 yr.

Hazardia ovcuttii occurs in a sage scrub-chaparral

habitat along with other perennial species such as

Rhus iuteghfolia (Nutt.) W. H. Brewer & S.

Watson., Adenostonm fasciculatwn Hook. &
Arn., and Artemisia califomica Less, (nomencla-

ture according to Hickman 1993).

Little is known about the basic ecology,

including population structure and habitat re-

quirements of H. orcuttii\ however, previous

research suggests that H. ovcuttii is restricted to

soils with higher clay content (Oberbauer 1981).

Research designed to determine the basic ecolog-

ical requirements of H. ovcuttii is needed to

conserve this species (Gogol-Prokurat and Os-
borne 2002). Given the current status of this

species the main objectives of this research were
to characterize the soil physical and chemical

properties and the plant community associated

with the extant H. ovcuttii population at Lux
Canyon.

Materials and Methods

Site Description

Field measurements were conducted from
January 2004-July 2005 at Lux Canyon
(33 r48"N, 117 15'6"W) in the Manchester
Conservation Area in Encinitas, CA. Lux
Canyon is approximately 5 km east of the ocean
at an elevation that ranges from 10 m above sea

level in the valley bottom to 100 m on the mesa
top (Center for Natural Lands Management
(CNLM) 2005). Vegetation consists of Diegan
sage scrub and southern maritime chaparral

(CNLM 2005), and the main soil types consist

of Altamont clay (Typic chromoxerert) on the

mesa top and a loamy, alluvial Huerhuero
complex (Typic natrixeralO on the eroded slopes

and valley bottoms (Bowman 1973). Chmate
data obtained since 1998 from the National
Oceanic and Atmospheric Administration for

Palomar Airport in Carlsbad, California located

approximately 13 km north of Lux Canyon with

similar coastal exposure indicates a maritime
Mediterranean-type climate with warm-dry sum-
mers and cool-wet winters. Average annual
rainfall is approximately 200 mm (7.9 in.) and
average annual maximum and minimum tem-
perature is 19.8 and 12.7 C, respectively. The

wettest month is February with 64 mm of rainfall

and the driest month is August with 0.4 mm
rainfall.

Field Sampling and Data Collection

Field plots consisting of 12.56 m- permanent
circular quadrats were randomly established in

sub-sites containing H. ovcuttii (n = 13 plots;

hereafter referred to as ovcuttii plots") and in

adjacent sub-sites lacking H. ovcuttii (n = 10

plots; hereafter referred to as "non-//. ovcuttii

plots"). As mentioned above, sub-populations of
H. ovcuttii are restricted to a 0.15 ha portion of
the mesa top. Within this area circular plots were
established within patches containing H. ovcuttii

and patches lacking H. ovcuttii using a random
coordinate system. We attempted to pair each
plot containing H. ovcuttii with a plot lacking H.
ovcuttii, but the spatial distribution of paths and
shape of the vegetation fragments precluded an
adequate paired-design resulting in unbalanced
replication for H. ovcuttii and non-H. ovcuttii

plots.

Measurements of plant species abundance were
conducted over a total of 4 sample campaigns
(January and July of 2004 and 2005) in the H.

ovcuttii plots and non-H. ovcuttii plots described

above. All individuals rooted within each plot

(Chapman 1976; Barbour et al. 1999) were
counted and measured for width along 2-axes

(the maximum width and the axis perpendicular

to the maximum width) and height from the

ground surface to the top of the shrub (Bonham
1989).

Soil and surface organic matter (litter, which is

dead plant matter >1 mm in diameter) was
collected in April 2004 to coincide with the

spring growing season and the main period of

seed germination. Samples were obtained from
the non-H. ovcuttii plots (n = 10) and a subset

of the H. ovcuttii plots (n = 10) to preserve as

much as possible the paired-sampling design

between H. ovcuttii and non-H. ovcuttii plots.

Surface litter was collected within a 312.5 cm-
rectangular quadrat that was centered on a

randomly chosen point in each plot. After litter

removal, soil samples were obtained from
surface (0-10 cm) and subsurface (30^0 cm)
soil layers using a 173.5 cm"* bucket auger. Soil

samples were transferred from the core samplers

to polyethylene sample bags and immediately

returned to the lab and stored at 4 C until

analysis.

Sample Processing and Data Analysis
I

Plant species density was quantified as the

number of individuals per species per unit plot

area and cover was quantified as the area of each

shrub species per plot divided by the area of the j
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plot. The area {A) of each individual shrub was
calculated as kD-/4, where D is the average

diameter of each individual calculated from the

measurements of maximum and perpendicular

width. Frequency of occurrence was calculated as

the number of plots that a particular species was
encountered. Indices of relative abundance were

calculated from the estimates of absolute abun-

dance by dividing a given absolute abundance for

a particular species by the total abundance of all

species. These relative indices were combined to

yield an estimate of the index of relative

importance (//?/), which was calculated as the

sum of the individual relative density, cover, and
frequency of occurrence indices (Chapman 1976;

Barbour et al. 1999).

Soil samples were sieved to remove rocks and
organic matter >2 mm in size prior to

laboratory analyses. Litter samples were
passed through a 1 mm sieve to remove
mineral debris, dried at 70 C for 1 wk,
weighed, and ground to pass through a 40
mesh sieve. Total N and P content of soil and
litter was quantified using micro-Kjeldahl
methods (Bremner 1996). Percent gravimetric

soil water was calculated as [(Mf — M^)/

Md]*100 where Mf was the fresh mass of soil

and was the mass of soil after drying at

105"C (Robertson et al. 1999). Percent soil

organic matter was quantified by combusting
soil at 700'C for 1 h in a muffle furnace (Nelson

and Sommers 1996). Soil bulk density was
calculated as the mass of dry soil per unit

volume (Robertson et al. 1999). Soil particle size

distribution was measured using the Bouyoucos
hydrometer method (Gee and Bauder 1986).

Cluster analysis was used to assess the similar-

ity in community composition between the

habitats containing and lacking H. orcuttii.

For this analysis, the plot values of the IRI of

each species were used to determine the degree

of similarity between discrete plots, and the

"Euclidian Distance" method was used to

determine the relative distance between each

plot (Hintze 2005). Soil physical and chemical

data were analyzed using a 2-way analysis of

variance (ANOVA) with site (//. orcuttii vs.

non-//. orcuttii plots) and depth (0-10 and 30

40 cm) treated as fixed effects. Data were tested

for normality and heteroscedasticity using the

Anderson-Darling and Levene's tests, respec-

tively. Data violating assumptions of normality
and heteroscedasticity were LN-transformed to

fulfill the assumptions of ANOVA. Cluster

analysis and ANOVA were performed using

NCSS (version 2004, Kaysville, Utah, USA).
Differences in litter pool biomass and N and P
content between H. orcuttii and non-//. orcuttii

plots were analyzed with a randomized-t-test

(Sokal and Rohlf 1995) using MS-Excel (Chris-

tie 2004).
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Fig. 1. The mean (±SE) sand (A) and clay (B)

content of soil in plots where Hazarcliti orcuttii was
present (closed bars; n = 10 plots) or absent (open bars;

n = 10 plots) at different soil depths. Also shown are

the results of a 2-way ANOVA (F-statistic) where sub-

site (habitat) and depth were fixed effects (df = 1,36 for

sub-site (S), depth (D), and the sub-site X depth
interaction (S*D)). < 0.001; **? < 0.01; *P
< 0.05.

Results

Soil Physical and Chemical Properties

Sand content of surface (0-10 cm) and sub-

surface (30 40 cm) soil in areas lacking H. orcuttii

was significantly higher than in areas containing

H. orcuttii (Fig. lA; ^1,35 = 16.79; P < 0.001)^

Clay content of soil in areas with H. orcuttii was
significantly higher than in areas lacking H.

orcuttii (Fig. IB; F,,36 = 13.25; P < 0.005).

Differences in particle size distribution were large

enough that plots containing H. orcuttii were
characterized as having a sandy clay loam soil

while plots lacking H. orcuttii were characterized

as having a sandy loam soil. Plots containing H.

orcuttii also had significantly higher soil water

content (Fig. 2A), especially in the sub-surface,

and a significantly higher soil organic matter

(SOM) content (Fig. 2B). Total soil N content

(Fig. 3A) was significantly higher in plots con-

taining H. orcuttii, especially in the surface soil
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Fig. 2. The mean (±SE) water (A) and organic matter

(B) content of soil in plots where Hazardia orcuttii was
present (closed bars; n = 10 plots) or absent (open bars;

n = 10 plots) at different soil depths. Also shown are

the results of a 2-way ANOVA (F-statistic) where sub-

site (habitat) and depth were fixed effects (df = 1,36 for

sub-site (S), depth (D), and the sub-site X depth

interaction (S*D)). ***P < 0.001; **p < 0.01; *P
< 0.05.

layer. In contrast, total soil phosphorus (P)

content was similar for plots with and without

H. orcuttii (Fig. 3B).

The N and P concentration of surface litter was
not statistically different between H. orcuttii and
non-H. orcuttii habitats; however, because sur-

face litter biomass was nearly 3-times higher in

non-H. orcuttii plots (P = 0.003; Fig. 4A), litter

N and P pools sizes were significantly higher in

non-H. orcuttii plots (Fig. 4B, C). Thus, while H.

orcuttii plots had significantly higher SOM and
total soil N, plots lacking H. orcuttii had a

significantly higher surface litter pool and litter N
content.

Community Composition

Cluster analysis of the sample plots indicated

two discrete vegetation assemblages (Fig. 5)

based on the importance values (IRI) of the plant

species. The first group consisted of all of the

0-10

30-40

Present

Absent

20 40 60

Total soil N (gN/m^)

80 100

0-10

30-40

Total soil P (gP/m^)

Fig. 3. Mean (±SE) total soil N (A) and P (B) content

in plots where Hazardia orcuttii was present (closed

bars; n = 10 plots) or absent (open bars; n = 10 plots)

at different soil depths. Also shown are the results of a

2-way ANOVA (F-statistic) where sub-site (habitat)

and depth were fixed effects (df = 1,36 for sub-site (S),

depth (D), and the sub-site X depth interaction (S*D)).

***P < 0.001; **p < 0.01; *P < 0.05.

plots lacking H. orcuttii C'B" plots; Fig. 5), while

the second major grouping consisted of the plots

where H. orcuttii was present (''A" plots; Fig. 5).

This clustering described the maximum variation

in the sample plots (r = 0.89), and indicated two
discrete sub-communities at Lux Canyon.
Some species were common to both sub-

communities, including Adenostonia fasciculatum,

Artemisia californica, Eriogouuni fasciculatum

Benth., Quercus dumosa Nutt., Rhus integrifolia,

and Deiuaudra fascicu/ata (DC.) Greene (Ta-

ble 1 ). However, A. fasciculatum, Q. dumosa, and

R. integrifolia had higher mean values of IRI over

the 2-year field study in non-H. orcuttii plots,

while E. fasciculatum, Dudleya edulis (Nutt.)

Moran, and D. fasciculata were more abundant

in H. orcuttii plots (Table 1). Other species

including Mimulus aurcmtiacus Curtis, Xylococcus

bicolor Nutt., Yucca schidigera Ortgies, and Y.

wJiipplei Torr. were conspicuously lacking in H.

orcuttii plots, while Lotus scoparius (Torr. & A.

Gray) Ottley, Ferocactus viridescens (Torr. & A.
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p = 0.003

p = 0.002

p = 0.008

Present Absent

Hazardia orcuttii

Fig. 4. Mean (±SE) litter biomass (A) and total litter

N (B) and P (C) pool sizes in plots where Hazardia
orcuttii was present or absent (n = 10 plots per sub-

site). Also shown are the results of a randomized t-test,

where the probability of committing a type-I error (P-

value) was calculated over 1000 iterations.

Gray) Britton & Rose, and Baccltaris pilularis

DC. were observed only in H. orcuttii plots

(Table 1).

Significant differences in total density and
cover were also apparent between H. orcuttii

and non-H. orcuttii plots (Fig. 6). Plots lacking

H. orcuttii had significantly higher cover in 2004
(Fig. 6A), which explains in part the significantly

higher surface litter pool (Fig. 4A). Plots lacking

H. orcuttii also had significantly lower density

than H. orcuttii plots during each measurement
campaign (Fig. 6B) suggesting that, on average,

non-H. orcuttii plots were dominated by fewer

but larger shrubs. One of the most abundant
shrubs in plots lacking H. orcuttii was A.

fasciculatum (Table 1 ), which is a chaparral shrub

that can reach heights of 2 m and an area of 3~

4 m- (Munz 1974; Riggan et al. 1988).

Temporal variations in stand cover and density

were relatively higher in H. orcuttii plots than in

non-H. orcuttii plots. For example, H. orcuttii

plots experienced a nearly 4-fold increase in stand

cover (Fig. 6A) and a more than 5-fold increase

in stand density (Fig. 6B) between July 2004 and
January 2005. Over the same period plots lacking

H. orcuttii experienced no increase in stand cover

(Fig. 6A) and a 2-fold increase in stand density

(Fig. 6B). Thus, H. orcuttii plots experienced

larger temporal variation in overall plant species

abundance than non-H. orcuttii plots, which may
have implications for H. orcuttii recruitment and
survival.

Temporal variation in the index of relative

importance {IRI) of the six dominant shrub

species (excluding H. orcuttii) present in both

0.8
iiiii i iii n i iiin ii iM

0.7 0.6 0.5
i i t ii mii i niii i

0.4 0.3
III I IIIIII IH I I II l i
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Non-H. o/'cuft/7 plots

^ H. orcuttii plots

0.0

Fig. 5. Cluster analysis of the index of relative importance (IRI) values of plant species observed in plots

containing (Al-13) and lacking (Bl-10) Hazardia orcuttii.
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Table 1. Mean (±1SD) Index of Relative Importance (IRI) for All Species Observed in 12.56 m-
Plots Containing (Present; n = 13) and Lacking (Absent; n = 10) Hazardia orcuttii at Lux Canyon,
Encinitas, California. Data were collected over 4 sampling campaigns conducted in January and July of 2004
and 2005. IRI was multiplied by 100; — not observed. Nomenclature and habitat data according to

Hickman (1993).

Hazardia orcuttii

Species Present Absent

Adciiostonia fasciculatuui Hook. & Arn. 28.9 23.3 66.8 ~ 9.8

Artsjjiisia califortiica Less. 64.6 + 36.4 49.9 8.9

Dudlcya cdidis (Nutt.) Moran 13.8 -+- 5.2 5.3 -+- 3.2

Eriogonu.}}} fasciciilatwii Benth. 42.7 -+- 22.1 14.0 _,_ 3.7

Hazardia orcuttii (A. Gray) Greene 32.4 -+- 15.5

Ferocactus viridescens (Torr. & A. Gray) Britton & Rose 7.3 + 2.0

Mimulus aurantiacus Curtis 37.6 -+- 4.1

Opuntia littoralis (Engelm.) Cockerell 1.5
-+-

1.1 5.5 -+- 0.5

Qucrcus duuiosa Nutt. 2.2 _^
1.1 17.0 -\- 4.5

Rhus integrifolia (Nutt.) W. H. Brewer & S. Watson 13.4 -H 7.6 47.6 -+- 18.7

XvJococcus hicolor Nutt. 2.8 -+- 0.7

Yucca scJiidigera Ortgies 8.6 -+-
4.1

Yucca whipplei Torr. 2.8 -+-
1.9

Lotus scoparius (Torr. & A. Gray) Ottley 8.2 -H 3.4

Dciriandra fcisciculata (DC.) Greene 55.6 -H 79.2 9.9 -h 12.5

Marah ifiacrocarpus (Greene) Greene 3.9 -+- 5.4

Dichondra occidciitalis House 1.1
-+- 2.2

Centaurium venustwn (A. Gray) B. L. Rob. 1.7 3.4

Auagallis arvensis L. 0.3 0.6 0.6 1.3

Cholorgalum parvifloruni Wats. 5.8 -H 11.5 10.9 -+- 21.8

Zigadenus freuiotitii (Torr.) S. Watson 0.4 -+- 0.9

Dichelostemma pulcJiella (Salisb.) Heller 0.9 -+-
1.7 0.5 1.0

Baccharis pihdaris DC. 0.4 -+- 0.8

Eriophydum conferti/loruni (DC.) A. Gray 0.6 1.2

GnapJudiuiii caJifornicum DC. 0.4 0.7 1.8 3.7

Griaphalium sp. 0.6 -+-
1.3 0.6 1.2

Cryptautha sp. 0.5 1.1

Stephcmoiueria sp. 0.5 -\- 0.9

Thistle 8.6 -+ 16.0 5.8 7.0

Unknown annual 0.9 1.7 1.2 1.4

Unknown herbaceous perennial 0.6 1.2

Unknown grass 10.7 18.7 2.3 3.3

plot types revealed substantial changes in shrub
species composition over 2004-2005, especially in

the H. orcuttii plots (Fig. 7). In H. orcuttii plots,

A. fasciculatuni and D. fascicukita exhibited 3^
fold increases in IRI during the study period,

while A. califomica and E. fasciculatuni experi-

enced a 2 3-fold decline in IRI (Fig. 7). In

contrast, plots lacking H. orcuttii experienced

substantially less temporal variation in relative

abundance; however, R. integrifolia was an
obvious exception (Fig. 7). These data indicate

rapid and dynamic species turnover in H. orcuttii

plots and more stable community dynamics in

non-H. orcuttii plots.

Discussion

Soil Physical and Chemical Properties

Some soil physical and chemical properties at

Lux Canyon were significantly different between
plots containing and lacking H. orcuttii. One

potentially key difference was soil texture, where
H. orcuttii plots had significantly higher clay

content and lower sand content than non-//.

orcuttii plots (Fig. 1). This observation is sup-

ported by previous research and is consistent with

the notion that H. orcuttii may be a soil endemic
(Oberbauer 1993). Gravimetric soil water content

was significantly higher in H. orcuttii plots

(Fig. 2A), which presumably reflects the higher

clay content of the soil. Soil texture controls a

variety of processes that control plant species

distribution, including soil water holding capac-

ity, nutrient retention, organic matter stabiliza-

tion, seed germination, and seedling recruitment

(Baskin and Baskin 1990; Oberbauer 1993;

Schimel et al. 1985; Kluse and Doak 1999; Walck
et al. 1999; Hook and Burke 2000). However, it is

unclear why H. orcuttii at Lux Canyon is

restricted to soil with higher clay content. For

example, percent germination of H. orcuttii seeds

was actually higher in soil types that had lower

clay content (Miller 2008); thus, H. orcuttii is
\
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apparently not restricted to soil with higher clay

content because of seed germination.

Hazardia oixuttii plots had higher soil organic

matter (SOM) content than non-// orcuttii plots

(Fig. 2B), which presumably indicates differences

in plant species composition and/or rooting

depth between habitats (Jobbagy and Jackson

2000). The increase in SOM was apparently not

due to an increase in aboveground litter input

because the surface litter pool was nearly 3-fold

lower in H. orcuttii plots (Fig. 4A). Rather, H.

orcuttii plots had a higher abundance of shrubs

associated with coastal sage scrub (Table 1),

which typically have a shallower, more horizon-

tally-distributed root system than species charac-

teristic of evergreen chaparral (Hellmers et al.

1955). Hazardia orcuttii plots also had higher

total soil N, suggesting higher overall fertility

compared to non-// orcuttii plots (Marion and
Black 1988). Given that SOM represents a large

pool of N in terrestrial soils (Hook and Burke
2000), these results presumably reflect the signif-

icantly higher SOM content observed in H.

orcuttii plots.

Surface litter was more than 3-times higher in

non-//. orcuttii plots, which has important
implications for the germination and recruitment

of H. orcuttii. For example, the germination and
seedling recruitment of Chorizantlie pungens
Benth. var. Iiartwegiana Reveal and Hardham
(Polygonaceae) is reportedly inhibited by chap-

arral vegetation, possibly as a result of allelopa-

thy and/or the development of a larger surface

litter pool that alters the microclimate and
reduces light availability at the soil surface (Kluse

and Doak 1999). Results from germination
experiments indicate that percent germination of

H. orcuttii seeds was significantly lower in

complete darkness, which may simulate light

conditions under a deep surface litter layer

(Miller 2008). While there are substantial

seasonal variations in the production of above-
ground litter and the size of the surface litter

pool in coastal sage scrub and chaparral
(Vourlitis et al. 2009), the difference in the litter

pool between plots containing and lacking H.

orcuttii observed in April coincides with the most
active time for seed germination for chaparral

and coastal sage shrubs. The relatively larger

surface litter pool observed in non-//. orcuttii

plots may inhibit seed germination and/or
seedling recruitment, which may be one impor-
tant mechanism causing H. orcuttii to be
restricted to more clay-rich soils.

Community Composition

Our results indicate fundamental differences in

species composition between H. orcuttii and non-
H. orcuttii plots (Fig. 5). These differences are

presumably due in part to spatial variations in

3.5

CD 3.0
CD

-9 2.5

2.0

o oj 1 .5

I- ro

I 1.0
Q.

E 0.5

0.0

14

0 ^'

2 "25
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-•— Present

O Absent

Jan04 Jul04 Jan05

Measurement period

Jul05

Fig. 6. Average (±SE) total shrub cover (A) and
density (B) in plots containing Hazardia orcuttii (closed-

circles, solid-lines; n = 13 plots) and plots lacking H.

orcuttii (open-circles, dotted-lines; n = 10 plots).

Differences in mean cover and density between habitat

types were assessed using a two-sample t-test. * P <
0.05; ** p < 0.01.

soil texture, which exerts a strong influence on
soil water availability and plant species distribu-

tion (Westman 1981). Hazardia orcuttii plots had
significantly lower cover and higher density

(Fig. 6) and more rapid and dynamic species

turnover (Fig. 7) than plots lacking H. orcuttii,

and it is possible that these interspecific dynamics
affect H. orcuttii recruitment, survival, and
fecundity. For example, the higher temporal
variation in species composition in H. orcuttii

plots implies higher variation in the intensity of

competitive interactions, availability of ''safe

sites'' important for H. orcuttii recruitment,

and/or available resources (Menges 1990; Watson
et al. 1994; Kluse and Doak 1999; Walck et al.

1999). Similar interspecific controls on plant

growth, fecundity, and recruitment have been

observed for other Asteraceae including Coreop-

sis lanceolata L. (Folgate and Scheiner 1992),

Ratihida colunmifera (Nutt.) Wooton & Standi.

(Vargas-Mendoza and Fowler 1998), Solidago

sJiortii Torr. & A. Gray (Walck et al. 1999) and
Deinandra conjugens (D. D. Keck) B. G. Baldwin
(Bauder et al. 2002). Presumably similar process-

es may be important in limiting the local

distribution of H. orcuttii.
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Fig. 7. Temporal variation in the index of relative

importance (IRI) for the six dominant plant species

Adenostoma fasciculatiim (Af), Artemisia californica

{Ac), Eriogomim fasciculatiim (Ef), Rhus integrifo/ia

(Ri), Deinandra fasciculata (Df), and Quercus diimosa

(Qd) in plots containing H. orcuttii (closed-circles,

solid-lines) and plots lacking H. orcuttii (open-circles,

dotted-lines). Together, individuals of these species

made up 70% of all shrubs and perennials observed in

both plot types. Note the difference in scale for Df
and Qd.

Conclusions and Conservation Eecommendations

Rabinowitz et al. (1986) define a rare species as

one that has a restricted geographic range,

narrow habitat tolerance, and/or low local

abundance. Hazcirdia orcuttii appears to possess

all three of these traits. For example, the only

known extant U.S. population of H. orcuttii is

restricted to a 1.6 ha mesa near Lux Canyon,
Encinitas, CA. Within this narrow geographic

range, H. orcuttii individuals appear to be

restricted to patches of soil with high clay

content, but it is unclear whether H. orcuttii is

restricted to clay soils because of intrinsic (i.e.,

seed germination and/or recruitment) or extrinsic

(interspecific competition) factors. Knowledge of

why H. orcuttii is restricted to more clay-rich soils

will undoubtedly inform and improve the success

of future conservation efforts. Estimates from
2002 indicated approximately 600 plants at Lux
Canyon (Gogol-Prokurat and Osborne 2002),

while more recent estimates (Vourlitis et al. 2006)

indicated a population size of 510 individuals,

suggesting that the population has declined since

2002. The low local abundance, restricted geo-

graphic range, and narrow habitat tolerance

suggest that H. orcuttii is rare by all criteria.

Protection of Lux Canyon from human
degradation and fire should be a high priority.

The Lux Canyon site is used for recreation

purposes, and human activities lead to the

creation of paths, trampling and damage of

vegetation, accumulation of waste, and urban
runoff. These threats increase the potential for

catastrophic fire, which can either damage or

completely eliminate that only known U. S.

population of H. orcuttii.
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Abstract

Sclerophyll shrubs such as Arctostaphyllos viscida Parry (Ericaceae; whiteleaf manzanita) are often

considered obstacles to afforestation. The establishment of conifer plantations in southwest Oregon
presents challenging problems for initial seedling survival and subsequent growth. This region is

characterized by hot dry summers, cool moist winters, and rocky, shallow soils at low elevations. The
growth of competing hardwoods within conifer plantations creates the traditional problem of

undesirable competition for the silviculturist. Accumulation of manzanita biomass also contributes

heavily to fire hazard while at the same time providing biomass of potential value as biofuel. This

study describes productivity of whiteleaf manzanita stands of varying density growing within the

confines of Piims ponderosa Dougl. ex C. Lawson var. ponderosa (Pinaceae; ponderosa pine)

plantations of the same age on poor sites. We explore the ability of this shrub to generate biomass as a

potential energy source. Growth prediction equations are for height, basal diameter, biomass per

individual, and biomass per hectare by stand density. The accumulated biomass after 14 yr of growth
ranges around 43 metric tons/ha, and represents a strong negative influence on the supposed
productivity of interplanted pines of the same age. Energy content of biomass amounts to an
accumulation rate of 1.6 X 10'^' megajoules/ha/yr on such sites, indicating a large biofuel potential by
age 14 or more. Harvesting the manzanita will also provide a potential benefit to productivity of the

pines.

Key Words: Aixtostaphylos viscida, biomass, competition, growth habit, manzanita, stand density,

yield.

Growth equations for sclerophyllous shrubs

are rare, as are reports of their value as resources.

The search for energy sources in non-commercial
forest species may have potential for exploitation

both for fuel, and also for benefiting commer-
cially valuable conifers. We examine growth
patterns of whiteleaf manzanita on hot, dry sites

in southwest Oregon as a function of stand

density and age following spacing and weed
control. These equations are one part of a multi-

phased project demonstrating the impact that

indigenous hardwood competition has on the

supposed productivity of conifer plantations in

this region. Current interest in biomass suggests

further interpretation of these data toward
potential utilization.

Whiteleaf manzanita is a common sclerophyll

shrub indigenous to southwest Oregon. It regen-

erates prolifically from a seed bank after a major
disturbance such as inechanical site preparation

prior to planting conifer plantations. This species

is abundant in interior sites at low elevations

through much of southwest Oregon and mid-

' Present address and correspondence: Department of

Forest Engineering, Resources and Management, Ore-
gon State University, Corvallis, OR 97331.

elevations in much of Cahfornia west of the

summit of the Sierra Nevada Mountains. It may
be considered a weed species when mixed with

conifer plantations (Newton and Cole 2008), but

we here evaluate its role as a potential resource.

Toward this end, we quantify the growth of

whiteleaf manzanita within young ponderosa
pine plantations and document its potential role

as a biomass source.

The whiteleaf manzanita data presented here

represent the first long-term stand-based dataset

for this species while under management. It

describes the growth response of whiteleaf

manzanita growing at densities of 1700 to

27,000 shrubs per hectare within the confines of

a ponderosa pine plantation in southwest Ore-

gon. We summarize the history of the study

below, relying on allometrics for individual plants

from other studies of whiteleaf manzanita in the

area that adapt growth data to biomass (Latt

1985; Hughes et al. 1987; Minore et al. 1988).

Materials and Methods

The research areas for this study are nested

within three mixed conifer plantations growing

on mechanically cleared shrub lands in the

Applegate Valley of southwest Oregon (for
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detailed site descriptions, see White and Newton
1989). The original design of these plantations

was to provide an opportunity to study compe-
tition and growth of Douglas-fir {Pseudotsuga

menziesii (Mirb.) Franco var. inenziesii) and
ponderosa pine seedlings under various competi-

tion levels of whiteleaf manzanita and herbs. The
original conifers were thinned to 14 ponderosa

pine and 6 Douglas-fir per treatment, a density

that offered negligible competition during the

first five years, but an increasing amount later.

Most of the planted Douglas-fir succumbed to

moisture deficiency in their seventh and eighth

year as a result of unusually high summer
temperatures and the superior moisture extrac-

tion and stress tolerance of whiteleaf manzanita.

Our study uses a randomized block design with

three replications in each of which are six 0.04-ha

square plots containing six different densities of

shrubs in a randomly located geometric progres-

sion of shrubs per hectare, separated in density by

a factor of 2 from highest density to lowest.

Treatment designation is based on spacing

between individual manzanitas plants, in feet,

square spacing equivalent. Treatment 2, for

example reflects spacing of 2 X 2 feet (60 X
60 cm; 27,000 shrubs/ha) and treatment 8

represents 8 x 8-foot spacing (240 X 240 cm;
1700 shrubs/ha).

Within each plot, a subsample of 25 shrubs in

clusters of 5 was selected for repeated measure-

ment in a systematic sample with location at a

random starting point. All shrubs were measured
at ages 3, 4, 5, 7, 8 and 14 yr, the age span in

which they had full crowns. Measurements in

year 21 indicated severe suppression and crown
dieback under influence of ponderosa pines, and
are excluded from our analysis. All shrubs and
pines were established the same year.

All replications are within 4 km of each other,

centered at approximately 42 45'N, 123 02'W,
and 640 750 m elevation (Delorme Mapping
Company 1991). All sites are in southern Jackson
Co., Oregon, and are on southwest or southeast

aspects with approximately 10-20 percent slope.

The soils at two replications vary between 50

and 80 cm deep, with local deep spots up to

150 cm. Most are clay loam of the Vannoy soil

series. The soils at the third replication appear
more productive and are of the Caris-Offenba-

cher soil series (Stearns-Smith and Hann 1986).

These soils are gravely loams with the same depth
as the Vannoy series. The geologic parent

material for all three replications is of metamor-
phic-sedimentary origin. Original estimated coni-

fer growth was Site V or poorer for Douglas-fir

(height at 50 yr <17 m, per McArdle et al. 1961)

and Site IV or poorer for ponderosa pine (height

<13 m at 50 yr, per Meyer 1938). Height and
breast height age measurements of local domi-
nant trees places the site index between 12 and

27 m at 50 yr. Adjacent stands of whiteleaf

manzanita roughly 70 yr old range between 3^ m
tall, with some stems reaching 180 mm diam. at

the base, indicating productive sites in terms of

adaptation of this manzanita species. Our stands

originally had a component of Ceanot/ius ciniea-

tus (Hook.) Nutt. (common buckbrush.), ordi-

narily found on less productive sites.

In addition to whiteleaf manzanita, other

vegetation includes Arbutus inenziesii Pursh
(Pacific madrone), Rhus diversiloha Torr. & Gray
(poison oak.), Bronms teetoruni L. (downy
brome), Galium aparine L. (bedstraw), Caucalis

mierocarpa Hook. & Arn. (California hedge
parsley). Madia e/egans D. Don ex Lindl. (tar-

weed), Verbasewn thapsus L. (common mullein),

Centaurea solstitialis L (yellow star-thistle.),

Quereus kelloggii Newberry (California black

oak), Fragaria vesca L (woods strawberry), and
Epilobiuni ininutwn Lindl. ex Lehm. (willow-

weed). These species were removed in the study

plots except that herbs were retained at one
density of manzanita (13,500/ha) after an initial

one-year treatment with hexazinone to permit

establishment of the ponderosa pine seedlings.

Annual precipitation varies between 60 and
150 centimeters throughout the region (Stearns-

Smith and Hann 1986), these sites are in the driest

subregion of southwest Oregon. Approximately
65 to 75 percent of this rainfall occurs between
November and February (Hobbs et al. 1992).

The sites of all replications had burned about

1930, resulting in large areas of even-aged white-

leaf manzanita. Scattered ponderosa pine and
Douglas-fir occurred in cove sites (draws) nearby.

All study sites were cleared in preparation for this

research in 1980, following domination by near-

pure stands of manzanita for 50 yr.

Site preparation for planting consisted of

scarification by crawler tractors equipped with

brush blades. Brush was pushed into windrows
and burned. The tractor scarification created an
ideal germination seedbed for the persistent and
abundant seeds from whiteleaf manzanita. Pro-

fuse germination resulted in a patchy distribution

with some areas producing 500,000 seedlings per

hectare (White 1989). After burning the wind-

rows, the area was ripped down to a 45 cm depth

with a crawler tractor along the contours at

approximately two-meter intervals. Afforestation

planting occurred in the spring of 1981 with equal

numbers of two-year-old (2 + 0) bareroot

Douglas-fir and ponderosa pine stock. Spacing

was about 1600 seedlings per hectare. After

planting, one site was sprayed with 1.7 kg/ha

hexazinone for herbaceous weed control. The
other two sites were mulched with 90 X 90 cm
laminated Kraft paper impregnated with asphalt.

The herbicide treatment had no observable effect

on the manzanita or Ceanothus germinants, or on
the vigor of oak and madrone sprouts.
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Table 1. Summary of Whiteleaf Manzanita (ARVI) Treatment Installations. There are three

repHcations of each treatment. ' Completely randomized within blocks.

Treatment ID Treatment description' ARVI per ha Sq. m per ARVI

2 27,000 ARVI/hectare 26,910 0.3716

28 13,500 ARVI/hectare 13,455 0.7432

28h 13,500 ARVI/hectare w/ herbs 13,455 0.7432

4 6720 ARVI/hectare 6727 1.4864

56 3360 ARVI/hectare 3364 2.9729

8 1700 ARVI/hectare 1682 5.9458

Installation of the original study occurred in

early spring 1983. Control of manzanita density

for the various treatments was with chemical

thinning or interplanting natural seedlings. The
treatments ranged from zero to 27,000 shrubs per

hectare in regular square spacings, using 20-

meter-square plots (0.0405 ha; 0.1 acre). Table 1

presents a description of the treatments and
densities of manzanita remaining after age 3. At
the time of installation, the conifer density ranged
from 1050 to 1760 seedlings per hectare depend-
ing upon mortality during the first two years after

planting. Researchers removed all shrubs other

than designated whiteleaf manzanita. Planted

manzanita seedlings were wild stock carefully

dug up on-site from outside plot boundaries and
planted the same day wherever gaps existed in the

planned grid spacings. All plots had comparable
initial densities of manzanita germinants, thus

avoiding the confounding between the probabil-

ity of establishment and site conditions.

Treatment establishment and subsequent her-

baceous weed control involved several chemical

applications over a period of years. Initially,

researchers covered the desired manzanita and
conifer seedlings with soft-drink cups prior to

broadcast spraying a mixture of 3.3 kg/ha
simazine, 2.8 kg/ha glyphosate, and 3.8 kg/ha

2,4-D. The total volume of this application was
121 liters per ha (White 1989). In early 1984, an
additional broadcast spray of 4.4 kg/ha of

simazine controlled herbaceous weeds. Oak and
madrone sprouts were killed with directed sprays

of glyphosate or 2,4-D with care taken to avoid

manzanitas.

Whiteleaf manzanita individual-shrub param-
eters were recorded on permanent samples of 25

shrubs per plot with numbered tags and periodic

measurements. Although the measurements did

not occur every year after 1985, measurements
did occur in 1987, 1989, 1994, and 2002. A small

reduction in the number of tagged shrubs over

time resulted from natural mortality under
intraspecific competitive stress. Owing to wide-

spread dieback of crowns observed in the 2002
measurements that comproinised estimates of

gross growth, our estimates of biomass here will

be limited to the first 14 yr.

Three studies (Latt 1985; Hughes et al. 1987;

Minore et al. 1988) developed leaf area and

biomass equations for whiteleaf manzanita. The
studies by Minore et al. (1988) and Latt (1985)

used datasets collected from open-grown white-

leaf manzanita. We used the equations developed
by Hughes et al. (1987) as having been derived

from shrubs in varying densities of stands rather

than individual shrubs. We did not verify with

complete biomass measurements of our own, but

did consult with Hughes in choice of equations

and proximity of his data sources to our study

(southwest Oregon).

The variation between growing conditions for

the data used to produce the biomass equation

(Hughes et al. 1987), and the growing conditions

on the treatments in this study may represent a

source of error. However, this was the only

biomass equation available that approximated
the growing conditions found in young conifer

plantations, and was selected for suitability to the

range of sizes in our study.

Analysis is by non-linear regression, reflecting

exponential and logarithmic parameters. Above-
ground yield prediction equations are given for

whiteleaf manzanita growing at varying densities

for 14 yr within a conifer plantation ecosystem, i

These prediction equations use two independent

variables. The first is the number of residual
j

whiteleaf manzanita stems per hectare. The i

second is the plantation age, which is also the

age of the manzanita from seed. Even though '

these shrubs were measured at age 21, influence

of interplanted ponderosa pine confounded yields

by causing death to large portions of crowns, an
observation that led to rejection of that data set

in our yield equations.

For the regressions in this study, the natural

log of the manzanita growth parameter and of i

age was taken before running the regression
{

procedure. Square root transformations helped to

emphasize the rapid drop in growth when shrubs

are subjected to a small amount of competition,
j

Also, regressions were fit against individual

replications rather than treatment means. Resid-

ual plots showed independence of data and,

therefore, a correct transformation. Each growth
regression presented is a single regression of a

growth parameter on age and shrub density. The
j

methodology was set forth by the Quantitative

Sciences Group of the Department of Forest

Science (Sabin and Stafford 1990). With this, we +
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Fig. 1 . Height/age relationship as influenced by stand

density for whiteleaf manzanita (ARVI). Accelerating

height trend with reduced density is highly significant,

as is reduced height growth age.

organized the original regressions into a number
of terms starting with the main effects and ending

with cubed interaction terms. Regressions were
then run using the REG procedure within the

SAS^^ statistical software. This software pro-

vides a P-value level for each term in the

regression. Terms not achieving a P-value of at

least five percent were backed out of the

regression and the procedure was run again.

After several iterations, all remaining ternis had a

P-value less than or equal to the five percent level,

achieving a good fit to the data.

Results

The growth form of manzanita shrubs on the

lowest-density treatments remained open for the

first eight years. While open grown, the size of

whiteleaf manzanita is predictable for individual

shrubs, as described by Minore et al. (1988).

Mortality and decreased height growth of indi-

vidual shrubs became apparent as the treatments

reached crown closure, but total growth per

hectare continued to increase. The continued rise

in growth rate per hectare per year indicates that

crowns were coalescing toward full site occupan-
cy beyond age 14 despite mortality of some
manzanita.

Manzanita height growth approaches maxi-
mum increments within the first 10 yr (Fig. 1).

Height increment continues somewhat more
rapidly at wide spacings than at the closest

spacing in a pattern that suggests even greater

heights at wider spacing than shown in our data.

This figure shows height is increasing at a

decreasing rate, yet adjacent 60+ year shrubs
were three to four meters tall in the absence of
conifers, presumably having reached their maxi-
mum height potential.

120.0 T

—•— Trtmt 2 - - Trtmt 28

100.0 Trtmt 28h Trtmt 4

Trtmt 56 Trtmt 8

I 80.0

o
E 60.0

3 4 5 6 7 8 9 10 11 12 13 14

Age (years)

Fig. 2. Basal diameter of whiteleaf manzanita (ARVI)
growing at varying densities within ponderosa pine

plantations in southwest Oregon, including treatment

28 with herbs. Raw means of all replications. Increasing

divergence of height curves with age and differences in

shrub density is highly significant.

Diameter growth, hence basal area, is very

responsive to spacing (Fig. 2). Treatment 8 (1700

ARVI/ha; 2.4 X 2.4 m spacing), with the least

dense manzanita, has the highest basal diameter

growth while treatment 2 (27,000 ARVI/ha; 60 X
60-cm spacing), the densest manzanita, has the

lowest basal diameter growth but the highest

biomass growth. The effect of herbaceous vege-

tation is evident in treatment 28 with 13,500

ARVI/ha (85 X 85-cm spacing). This treatment is

consistently larger in diameter than treatment

28h (85 X 85 cm, with herbs after year 1) that has

the same density of manzanita without herba-

ceous control. Figure 2 shows the negative

influence of herbs by being out of sequence in

the array of diameter growth curves for the array

of stand densities. This aberration does not

appear in the response surface of diameter on
age and spacing that illustrates interaction of age

X density (Fig. 3).

Figure 4 shows the average aboveground oven-

dry stem volume biomass per manzanita shrub

computed from equations developed by Hughes
et al. (1987). Density control strongly infiuences

the net biomass of individual manzanita shrubs.

High-density plots produce smallest individuals,

but the greatest total biomass (Fig. 5). In view of

the large sizes of widely spaced shrubs, one might

expect that as self-thinning occurs on dense

stands, yields of various densities will merge.

However, at age 14 the yields are continuing to

diverge in favor of dense stands despite the onset

of mortality.

The density of manzanita on all treatments

provides a sufficient amount of intraspecific
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Fig. 3. Basal diameter growth for whiteleaf manzani-
ta (ARVI), by age and initial density. The increase in

diameter with decrease in shrub density and increasing

age is highly significant.

Fig. 5. Oven dry stem biomass per ha for whiteleaf

manzanita (ARVI), by age and initial density. Yields

are adjusted for mortality. Increase in yield with

increasing density of shrubs is highly significant and
increases with age.

competition to cause mortality by age 14. Table 2

describes the loss in stems per hectare at several

points in the lives of these stands due to mortality

at the different treatment densities.

The data from Applegate plots are not of

sufficient quantity (25 shrubs per plot) to allow

useful regression for changes in shrub popula-

tions. Mortality varied sporadically by age
depending upon the starting number of manza-
nita stems. By age 14, the percent mortality

roughly aligns with treatment density, ranging

from eight percent for the least dense treatment

to 21 percent for the most dense. The only

treatment with herbs, 28h, had the highest

mortahty with 24 percent. Although the manza-
nita have now shaded out all herbs, they still

2000Q

Fig. 4. Oven dry stem biomass for individual white-

leaf manzanita (ARVI), by age and initial density.

Increase in biomass with decreasing density of shrubs is

significantly greater with lower densities and
increasing age.

show residual effects of herb competition in their

first several years of growth.

The various growth parameters are influenced

differently by density and its interaction with age.

Height growth, (Fig. 1), does not show a large

variation between the low and high density

treatments although heights are greater with

wider spacing. However, basal area, being a

squared function of diameter and the largest

contributor to biomass, declines sharply with just

a small amount of intraspecific competition.

Figure 4, oven-dry stem biomass per shrub,

demonstrates that a small amount of intraspecific

competition triggers a substantial decrease in

biomass. When biomass is converted to a per

hectare basis, the highest biomass is found in the

treatments that have the largest number of stems.

This relationship of biomass to density persists

through age 14; seen in Fig. 5 where mortality is

taken into consideration.

The largest increment in total biomass yield

with increasing density from the widest spacing is

in the difference between 1682 and 3364 shrubs

per ha. Further increments in yield with increas-

ing density are smaller, and are potentially

compromised by the apparent relation between
density and mortality.

Equations of the response surfaces shown in

Figs. 1, 3, 4, and 5 are available from the

corresponding author.

Discussion

The whiteleaf manzanita in this study represent

a view of potential opportunities for capturing

biomass from plants that may otherwise have

neutral or negative value, and/or which may be

able to produce significant yields on sites too

harsh for production of higher-value forest
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Table 2. Mortality Summary for Whiteleaf Manzanita (ARVI) at the End of the 2nd, 7th, and
13th Growing Season After Plantation Establishment. 'Treatment descriptions are given in Table 1.

ARVI stems per hectare (percent mortality)

Treatment ID' Initial Age 2 Age 7 Age 14

2 26,910 26,910 (0) 26,192 (2.7) 21,169 (21.3)

28 13,455 13,455 (0) 12,737 (5.3) 1 1,482 (14.7)

28h 13,455 13,455 (0) 11,122 (17.3 10,226 (24.0)

4 6727 6727 (0) 6189 (8.0) 5920 (12.0)

56 3364 3364 (0) 3274 (2.7) 3050 (9.3)

8 1682 1682 (0) 1592 (5.4) 1547 (8.0)

species. The manzanita on our plots are growing

at densities representative of conditions in both

fire-originated stands and in managed conifer

plantations within this region. Althoiigh manza-
nita's competitive influence on conifers is well

documented (White 1989; Ortiz-Funez 1989;

Newton and Cole 2008), the value of manzanita

as a bio-fuel is generally unrecognized either as a

salvage material or as a crop.

Several studies have described similar yields of

shrubs in unregulated densities (Zavitkovski and
Newton 1968; Hughes et al. 1987; Minore et al.

1988) as measured either in total yield or on terms

of individual shrub growth. Zavitkovski and
Newton (1968) displayed with Ceauotlms veluti-

mis Douglas ex Hook. var. velutinus a pattern of

upper asyinptote in yield at age 14, more or less

when not suppressed by conifers. Revisitation of

those stands in 2003 finds most of the shrubs

suppressed or dead, usually under influence of

conifers (Newton personal observation). Our
data here originate in uniform stands with a

continuum of measurements that terminate at age

14 when yields were increasing rapidly. They are

also in full view of older stands with much higher

biomass and larger sizes of individual shrubs.

These observations suggest the possibility of a

potentially much larger estimate of asymptotic

maxima.
Our stands were mixed with ponderosa pines at

a low stocking. The ponderosa pines did not

cause high mortality of shrubs until after age 14,

but the last yields measured piobably reflect a

degree of suppression despite showing a positive

flexion in growth curves at that point. Pure
stands of these shrubs at the wider spacings we
used would undoubtedly produce yields of large

shrubs with totals greater than any measured in

this study. We therefore regard these data as a

beginning in understanding shrubs as a crop.

While it is not unlikely that growth would
continue to increase in the absence of planted

conifers, the initial purpose of the study included

retention of pines as the dominant crop, thus

extension of production cycles beyond 14 yr may
not be appropriate.

The biomass growth of whiteleaf manzanita is

done at the expense of sequestering water

resources needed by the conifer component
(White and Newton 1989; Newton and Cole

2008), perhaps with less effect on the manzanita
than on the conifers. The prediction equations

(available from the corresponding author) dem-
onstrate iTianzanita's potential to utilize the site

resources, of which the most liiniting is water.

When water resources are diminished, the com-
petitiveness of intermingled conifers is apparently

reduced more because of differences in ability to

extract water from bedrock (Zwieniecki and
Newton 1995). The effect of manzanita compe-
tition on conifers is relatively insensitive to

iTianzanita density (Newton and Cole 2008);

hence if one is to grow mixed species, high

density manzanita will provide iTiaximum growth
of this species so long as pine spacing is wide
enough for shrubs to develop with adequate
sunlight for a decade or more. Harvest of

manzanita is likely to release the already domi-
nant ponderosa pine (Newton and Cole 2008).

The precise age for optimum harvest will need

definition by experiments that evaluate harvest at

different ages for diffei*ent densities of pine and
ITianzanita.

Within the manzanita stand, height growth
responds to manzanita density. The best height

growth occurs where manzanita density is the

lowest. The least favorable height growth occurs

at high densities and where herbs are not

controlled. For optimum development of a

whiteleaf manzanita/ponderosa mixed culture,

wide spacing of pines and inedium spacing of

manzanita appear to have merit, especially if

herbs are suppressed. Herbaceous cover is

apparently able to deplete enough surface water

(down to 75-cm soil depth) to impact whiteleaf

manzanita, a species capable of extracting soil

and rock moisture when these shrubs were 5-7 yr

old at xylem pressures of —7.0 MPa. Suppression

of herbs favored both pines and manzanitas.

Mortality of both Douglas-fir and manzanita

may have contributed to thrift of residual shrubs.

Competition from manzanita eliminated the

Douglas-fir on all treatments except those with

the lowest manzanita density. The ability to

secure soil moisture provides manzanita with a

decided survival advantage over coniferous com-
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petitors in southwest Oregon. Thus, Douglas-fir

apparently had little effect on manzanita growth
by depletion of soil water, but the dense foliage of

Douglas-fir would, in any case, lead to suppres-

sion of this shade-intolerant shrub had water

stress not interfered.

Figures 4 and 5 demonstrate the power in

numbers of small shrubs. Even though individual

manzanitas in dense stands are smah, the high

stem density produces the highest biomass per

hectare as long as heavy shade is not a factor. At
age 14 (1994 growing season) treatment 2

contained almost 61 percent more aboveground
biomass than the next highest manzanita density.

Although there was some compensatory growth
on individual shrubs with each increment of

spacing, biomass increment per hectare at age 14

increased with each doubling of density. As
stands age and crowding sets in at wider spacings,

growth differences between various spacings may
merge. By age 14, the biomass of treatment 28

without herb control (13,500 stems/ha) and the

next treatment density (treatment 4, with 6720
stems/ha) were virtually equal. Early herb control

for four years literally doubled the biomass per

shrub.

Major differences are apparent in biomass
accumulation resulting from varying levels of

shrub density at different ages. As in any plant

population, resources per plant decrease with

increases in density. The average size of an
individual manzanita on treatment 2 is 2.25 kg
while the average size of an individual manzanita
on treatment 8 is 6.14 kg, a difference by a factor

of 2.7 resulting from area of occupation 16 times

larger. The aboveground biomass of individual

manzanita plants relates to the crown cover. The
observed differences in water use and competitive

influence was remarkable in early years (White
and Newton 1989) but as crowns of shrubs

coalesced, differences in interaction of shrubs and
pines decreased (Newton and Cole 2008).

Interaction with overstory ponderosa pine

likely compromises long-term projection of man-
zanita growth. We observed evidence of pine

release with removal of manzanita at age 21

(Newton and Cole 2008) and also observed
deteriorating condition of manzanita as conifers

gained in dominance after age 20. Yet shrub
stands in the vicinity now over 70 yr old were
dominated by very large individual manzanita
shrubs even though within the range of ponder-
osa pine seedfall. These sites were clearly totally

occupied for most of their age span. We postulate

that where pine and manzanita are to be
managed as mixed stands, harvest or other

removal of the shrubs roughly 15 yr after

establishment will allow the conifers to develop
into a productive overstory. Conversely, if

manzanita is managed in pure stands, it may be
feasible to grow the shrubs to much higher

volumes in a longer rotation in order to increase

yield per hectare per year and minimize harvest

cost per unit of yield.

The growth form of whiteleaf manzanita lends

itself to relatively efficient utilization of this shrub
for biomass. The single stems at the base would
permit severance near the ground to allow
transfer into a processor of some description

with little residue on the ground. Absolute
conversion efficiency into usable biomass will

depend on equipment development. However, the

conversion of biomass to energy, based on dry
weight of biomass of all above-ground manzani-
ta, would be roughly 15-50 metric tons per

hectare at age 14, depending on density of the

stand, with an energy content of 0.56 to 1.86

megajoules per ha per yr of growth when grown
to this age.

The data on manzanita/conifer mixtures pro-

vide valuable information for an understanding
of conifer growth during the first 25 yr after

plantation establishment. Manzanita is superior

at commandeering moisture held at high tension

in soil and rock and it can maintain an expansion
in biomass extending to an age when mixed hardy
conifers begin to reach commercial size. Whereas
the impact of manzanita on conifer growth
during these years is substantial, this study

demonstrates an opportunity to harvest a crop

of manzanita biomass early in a rotation while

leaving dominant and released ponderosa pine to

produce a commercial harvest later.

This experiment indicates that biomass accu-

mulation by manzanita is greater than that of

conifers that co-exist with the shrubs for over a

decade. A shrub that can accumulate 40+ tons

per ha in 14 yr on sites of marginal productivity

for conifers represents a significant source of fuel,

both for commercial exploitation as a biofuel or

extractive source, or for hazard of wildfire. Fire-

risk shrub stands are presently being treated at

substantial cost with massive machinery to reduce

risk of catastrophic fires near homes and
highways. Equipment similar to that used for

reduction of fuel in this way is evidence that

similar equipment could harvest the manzanita in

forms useful for power generation or even

commercial heating facilities. Whiteleaf manza-
nita does not sprout; harvest of the shrubs before

the mixed conifers succumb offers an opportunity

to facilitate long-term conifer production while

making an asset of a major competing species.

Conclusions

Sclerophyllous shrubs in southwestern Oregon
and California represent a large source of

biomass of potential importance as: a) a source

of fuel or fiber, b) a severe fire hazard, or c) an

obstacle to conifer regeneration on moderately

productive sites. Whiteleaf manzanita, as a
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representative of this community, will accumulate
several tons per hectare per year which, if

accumulated for decades, represents a fuel load
capable of intense heat if not utilized or
controlled.

This paper presents the first yield equations for

whiteleaf manzanita growing under variable

densities in a plantation environment in south-

west Oregon. Yields per hectare per year are

greater than those of juvenile conifers even when
conifers dominate the site in the first decade. The
lost early volume growth of conifers attributable

to competition is offset during the first decade-
plus, more or less, by increasing manzanita
production. We expect plantation dynamics to

shift toward the conifer component with me-
chanical removal of the shrubs as per Newton
and Cole (2008). This will vary in time and
intensity depending on the initial manzanita
density. The conifer component does not appear
to have the ability to overcome this initial growth
loss during the first few decades, and pinpointing
optimum timing for harvest of shrubs with
release of conifers needs refinement.

As biofuels gain in value, potential yields of
shrub communities, mixed stands and associated

tree species will gain in importance. Developing
an ability to accurately predict shrub and conifer

productivity, growing in pure stands and mix-
tures on such harsh sites represents a new area in

forest mensuration that has yet to be addressed.
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Abstract

Pine Hill lies near the center of a gabbrodiorite intrusion in the foothills of the Sierra Nevada
mountain range in El Dorado County, CA, USA. We assembled an extensive flora, examined the

distribution and associations of vascular plant taxa, and specifically focused on associations of six rare

plant taxa. The influence of environmental variables on plant distribution was investigated using a

stratified random plot sampling technique and applying canonical correspondence analyses. The site

contained over 10% (741 plants) of the flora of the entire state of California including seven rare

species. Species segregated into chaparral, oak woodland, and grassland communities. In chaparral

and woodland, and on serpentine sites, over 75% of the flora was comprised of native species. The
non-serpentine grassland community was dominated by exotic species (64% exotic) and contained no
rare species. Shrub and tree cover were the most important biotic factors associated with plant species

distribution; serpentine substrate, soil texture, elevation, and degree of disturbance were the most
important abiotic factors. Five rare species were restricted to gabbro soils. Consideration of beta

diversity contributed little to our understanding of vegetation patterns. Our analyses identified two
types of chaparral which we termed "Xeric Seeding" and ''Mesic Resprouting" to reflect the

environmental conditions and the fire regeneration strategy of the vegetation. Each chaparral type

contained different rare species whose regeneration strategies were concordant with chaparral

regeneration type.

Key Words: CANOCO, canonical correspondence analysis, chaparral, gabbro, obligate resprouter,

obligate seeder, rare plants, TWINSPAN.

Mediterranean-climate regions are known for

the high diversity of their flora, collectively

containing almost 20% of the world's vascular

plant species while comprising an area less than

5% of the earth's surface (Cowling et al. 1996).

This is due to a combination of factors acting at

local to regional scales such as plant growth-form
diversity and differential responses to distur-

bance, plant assemblages composed of habitat

specialists and geographical vicariants, and spa-

tial variation in resources due to topographic

diversity and edaphic complexity (Cowling et al.

1996). In California shrublands, edaphic special-

ists, and patches in which varied serai stages

occur following fire add to floristic richness.

' Author for correspondence.

Located near the center of a gabbro soil;

formation in the Sierran foothills 48 km east of )

Sacramento, CA, Pine Hill stands as one of;

California's remarkable ''ecological islands"

(

(Stebbins 1978), possessing a rich floristic diver-

j

sity and a high concentration of rare and;

endangered plants (Fig. 1). The vegetation con-i

sists of open grassland, oak woodlands, and;

chaparral. The Pine Hill complex forms a 104 km^l

gabbrodiorite volcanic intrusion of Mesozoici

origin (approximately 175 million years in age)i

that is surrounded by metamorphic rocks, withjj

some granitic intrusions, and serpentine rock

lands (Springer 1968). Serpentine occurs as rocky

outcrops or as ridges which extend in a north-

south direction. At the time this study was begun

in the mid-1980s, at least six rare and endangereq

plant taxa were considered to exist only on Pine!

Hill or in the immediately surrounding area^i
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Fig. 1. Map showing the location of the gabbro soil intrusion which extends from S U.S. highway 50 to the South
Fork of the American River, encompassing the towns of Cameron Park and Rescue. The center of the gabbro soil

intrusion is at approximately 38 43' north latitude and 120 59' west longitude.

(Howard 1978; El Dorado County 2007; Baad
personal obervation). Since these species were
only known from gabbro soils at this locality, it

appeared as if the rare plants were restricted to

soils derived from gabbro parent materials.

Serpentine areas serve as an important edaphic
comparison with gabbro. Serpentine is classed as

an ultrabasic or ultramafic, cold intrusive rock. It

is high in ferro-magnesium silicates and is

especially noted for its low calcium and high
magnesium levels (Whittaker et al. 1954; Kunz
1985). High concentrations of heavy metals like

chromium and nickel are also generally common
in this rock type. The high proportion of endemic
species associated with serpentine soils has
generated much study ranging from the evolu-

I

tionary ecology of plant tolerance to the structure

of plant communities found on serpentine (see

Brady et al. 2005 for a review). The gabbro soils

are considered to be edaphically similar to

serpentine because of their mineral composition
'and because they appear to influence plant
distributions. However, gabbro-derived soils in

El Dorado County have a higher Ca/Mg ratio

'Goldhaber et al. 2009), and lower concentrations
3f chromium and nickel (MoiTison et al. 2009)
:han are characteristic of serpentine soils.

Changes in topography strongly affect the
listribution of plants by providing micro-cli-

mates significant to species survival (Mason
1946; Spurr and Barnes 1973; Mooney et al.

1974; Ricklefs 1976; Hocker 1979). In California

chaparral, topographically-governed moisture
and insolation levels may be reflected in

patterns of shrub species distribution due to

their affect on germination and seedling survival

(Meetemeyer et al. 2001); hot, exposed sites tend
to contain species with seeds cued to germinate
after fire and seedlings that have high tolerance

to drought, while sheltered slopes contain
resprouting species with seeds that depend on
cool, moist conditions for germination and
subsequent growth. The topography of the Pine
Hill complex is rich in its variety of slope and
aspect varying from small flat valleys with
gently rolling hills to steep river canyons and
prominent peaks (though only a few of these

extend above 600 meters in elevation) and thus,

topography may play an important role in the

diversity of the area's flora and in the distribu-

tion of the rare plants on the Pine Hill complex.
The overall climate is relatively consistent over
the entire region and is characteristic of
California's Mediterranean climate with warm,
dry summers and cool, wet winters. The average
annual precipitation, recorded nearby at Fol-

som Lake, is 65 cm and occurs mostly in the

form of rain in the winter months (USBR 1981).
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In addition to being noted for its unique plant

life, the Pine Hill region of El Dorado County

was considered a desirable area for residential

development. Easy freeway access from the city

of Sacramento encouraged rapid and extensive

development with much of the land being cleared

for commercial and residential uses. By 1996

several plant species were federally listed under

the U.S. Endangered Species Act as endangered,

threatened, or of special concern (U.S. Fish and

Wildlife Service 1996); others were listed as rare

by the CaHfornia Native Plant Society (Table 1)

due to urbanization, habitat fragmentation, road

construction, herbicide spraying, change in fire

frequency, off-road vehicle use, unauthorized

dumping, overgrazing, mining, and competition

from invasive alien vegetation. Preserves to

protect the rare species have been established

throughout the Pine Hill area (for a brief history

see Brink 2010). Of the 2,024 ha (5,001 acres) that

are within the target recovery area's boundaries,

at least 325 ha (803 acres) have been lost due to

development while 1,309 ha (3,234 acres) within

the recovery boundary are protected within

formal preserves (DeLacy, American River Con-

servancy; Hinshaw, Bureau of Land Manage-

ment, personal communications). The federal

listing of five species has been effective in

providing protection for large areas of a unique

chaparral ('^Northern Gabbroic", Holland 1986)

and has provided collateral protection for seven

rare, but unlisted plant species (Pavlik 2003).

Our goals in this study were to compile a flora

for the Pine Hill region, classify the plant

communities using Two-way Indicator Species

Analysis (TWINSPAN), and to investigate the

distributions of plant communities in relation to

environmental factors using canonical correspon-

dence analysis and permutation tests in CA-
NOCO. We considered both biotic factors

(vegetation cover, cover by exotic, native or rare

species, vegetation height, etc.) and abiotic

factors (slope, aspect, rock type, soil chemistry,

disturbance, etc.). Further, we wished to specif-

ically determine the community and plant asso-

ciations, and environmental correlates of the rare

and endangered plants.

Materials and Methods

Study Area

In order to evaluate the influence of gabbro

soil on plant distribution, we extended the

boundaries of the study area beyond the imme-

diate Pine Hill area to include other soil types.

We located 148 plots between the elevations of

120 and 670 meters and approximately between

north latitude 38 38' and 38 57'. Pine Hill, at an

elevation of 628 meters (USGS 1973) is located

near the center of the study area (at approxi-

mately 38°43' north latitude and 120 59' west

longitude). Approximately 60% of the plots were

on gabbro soil.

The Floristic Study of Pine Hill and Vicinity

Plant identification and taxonomy used in this

work conform to the nomenclature of Hickman

(1993). Existing specimens from the California

State University, Sacramento herbarium

(CSUSH) were used to confirm identifications.

Plant specimens were collected between 1981 and

1985 during all seasons and placed in CSUSH.
Whenever rare plant species were observed

during explorations of the study area, their

locations were mapped onto USGS 7.5 min quad

maps and any unusual circumstances noted. Map
locations were converted to UTM coordinates in

2008. Selected sites previously recorded by others

were visited to confirm the presence of rare

species, but the primary emphasis of this study

was to find new rare plant locations. New
locations were reported to the California Natural

Diversity Database (2008).

Stratified Random Plot Study

Aerial photographs (USGS 1979) were used to

map the overall distribution of the basic vegeta-

tion types and the fraction covered by each

vegetation type was estimated using graph paper.

Ground truthing verified photo interpretation.

The vegetation map served as a guide to locate

the stratified, random sample plots as well as a

means of calculating coverage area for vegetation

types as they occurred upon the Pine Hill gabbro

formation in 1979. From these calculations,

chaparral was the most widespread vegetation

with a cover of 44.8%, followed by woodland at

28.3% and grassland at 26.9%.

The number of sample plots per vegetation

type was assigned in proportion to the relative

aerial coverage of each type. Since a comparison

was to be made between vegetation on gabbro

soil and that on non-gabbro soil, the number of

plots "on" and "off the gabbro needed to be

relatively consistent within the percentages of

each vegetation type found on the gabbro

formation. Approximately 40% of the plots

assigned to each vegetation category were located

on non-gabbro soil.

Appropriate plot sizes were determined exper-

imentally using a nested plot technique and

standard species area curve calculations for

greater than 90% coverage (Mueller-Dombois

and Ellenberg 1974). This technique to determine

plot size was used to insure that the samples

taken from each vegetation type would be

comparable in species diversity. The actual plot

sizes used for each vegetation category were as

follows: for chaparral, 42 m- (3.25 m X 13 m); for
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Table L The Eight Rare Vascular Taxa of the Pine Hill Gabbro Complex, Their Listing Status,
Percent of Plots Where Found, the Soil Types Where They Grew, and Their Fire Regeneration
Strategies (F = Facultative Seeder/Resprouter; R = Obligate Resprouter; S = Obligate Seeder).
' Known from other soil types outside the Pine Hill area. - Not found during this study, but reported to be present

(Cahfornia Department of Fish and Game, 1978; Aparicio 1978); the legitimacy of//, sujfrutescens as a distinct

taxon is controversial.

Percent of Fire

Common plots where regeneration

Taxon Federal status name found Soil type strategy

Calystegia stchhinsii Brummitt endangered Stebbins"

mornm^-
glorv

0.7 gabbro' S (possibly F)

Cecmothus roderickii W. Knight endangered Pine Hill

ceanothus
6.5 gabbro S

Ch/oroga/uni graiu/i/Jonini Hoover not listed Red Hills

soaproot

10.1 gabbro' R

FrenioiUodeudrou califoniicwn endangered Pine Hill 1.4 gabbro F
(Torr.) Coville ssp. dccwuhcns llannelbush

(R. Lloyd) Munz
Galium calijornicuni Hook. & Arn. endangered El Dorado 5.0 gabbro R

ssp. siervac Dempster & Stebbins bedstraw

He/iafit/ieniuni suffrutesceus Schreib. not listed Bisbee Peak
rush-rose

0.0 not found- S?

Packera layneae (Greene) W.A. threatened Layne's 4.3 gabbro. R
Weber & A. Love butterweed serp,

meta
Wyethia reticulata Greene species of

concern

El Dorado
County mule
ears

7.2 gabbro R

woodland, 100 m- (5 m X 20 m); and for

grassland, 25 m- (2.5 m X 10 m). Rectangular
plots were used as they yield more representative

data than plots of other shapes ( Mueller-Doni-
bois and Ellenberg 1974).

A total of 148 sample plots was established

throughout the study area between July 1984 to

February 1985; vegetation and floristic data were
taken during spring and summer 1985. At the end
of the study period, only 139 of these plots

remained. Nine plots were lost due to road
building or development. Specific plot locations

were assigned using a stratified random sampling
method. This method allowed the sampling of
specific areas, in between anthropogenically
disturbed places, while i^etaining the advantages
of random sampling. A random numbers chart

was used to determine direction of travel,

distance taken to reach a specific point, and to

determine plot orientation. Specific study areas

were chosen on the basis of observed environ-

mental variation in the interest of including

significant gradients for data analysis.

Environmental data recorded at each plot

location were slope, aspect, elevation, soil texture

and rock types, soil calcium and magnesium,
disturbance, available water, and vegetation

cover. Specific slope and aspect measurements
were determined using a pocket transit. To reflect

the sun exposure, aspects were assigned numer-
ical values on a gradient from 1 to 8 with 1 (SW)
indicating maximum exposure, and 8 (NE)

indicating minimum (SW = 1, S = 2, W = 3,

SE = 4, NW = 5, E = 6, N = 7, NE = 8).

Surface estimates of soil texture were made by
rating the proportions of rock to clay and a

numerical scale was constructed to indicate a

gradient from extreme rocky outcrop (value of 1)

to soils of mostly fine silt and clay (value of 4).

Elevations were estimated at each plot location

using topographic maps. Geology substrate maps
and field identification of the rocks within each

plot were used to determine the parent material

of the soil. The U.S. Department of Agriculture's

soil surveys (Rogers 1974; USDA 1980) were
used to check field observations on rock and soil

parameters. The levels of calcium and magnesium
in the soil were determined using the Model
14855 Soil Calcium and Magnesium Test Kit

available from Hach Co., Loveland, Colorado.

Note was taken of any evidence of disturbance

due either to human activities, such as grazing or

clearing, or natural events, such as fire. Distur-

bances were recorded with regard to ( 1 ) the extent

to which they affected the plants within the plot

and (2) recentness of their occurrence. These two
factors were rated. Ratings on recentness (time)

were scaled with end points from 1 (long ago -

little or no evidence remaining) to 7 (recent -

within the last 2 yr). Extent of the disturbance

was rated from 1 (disturbance area and type

minimal) to 4 (major disturbance, all plants

destroyed). The two factors were multiplied by
each other to obtain a value for each plot.
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Observable surface water was estimated using a

scale as follows: 1 = always dry, no water nearby;

3 = near seasonal water supply, mostly dry; 5 =
near a permanent source of water, stream or lake;

and 7 = water within plot most of the year.

Differences in cover were estimated on the

basis of the total amount of plant cover present in

the three structural levels of trees, shrubs and
groundcover (herbs and grasses). The method
used for estimating cover was a modification of

methods described in the literature (Daubenmire
1974; Mueller-Dombois and Ellenberg 1974). The
cover values used in this study were: 8 = 95.1 to

100% cover; 7 = 75.1 to 95% cover; 6-50.1 to

75% cover; 5 = 25.1 to 50% cover; 4 = 10.1 to

25% cover; 3 = 5.1 to 10% cover; 2 = 1.0 to 5%
cover; 1 = <1% cover.

In addition to the measurable data gathered

for each plot, other factors were included.

""Latitude" values for each plot were assigned as

the distance in miles north from the southern-

most plot location in the study. We noted the

number of rare species found within each sample
plot. The soil survey for El Dorado Co. (Rogers

1974) rates the suitability of various sites for

general farming using the Storie Index rating

which takes into account soil profile, texture,

slope and other conditions such as drainage.

High ratings imply few restrictions to agricultural

plants while lower ratings indicate increased

limitations to farming. Since the Storie Index is

a calculation indicating a soil and plant growth
relationship, it was included in the analysis.

Depth to bedrock was also noted from the soil

survey (Rogers 1974). Table 2 lists the physical,

descriptive, and vegetation variables considered

in the study.

The Shannon diversity index (H') was com-
puted for each sample and used as a measure of

alpha diversity or the species diversity within

samples (Krebs 1999). The Shannon H evenness

index (evenness = H71og(N)) was used as a

measure of how equitable and homogeneous
species diversity was among samples. Equitability

assumes a value between 0 and 1 with 1 being

complete evenness. Diversity and evenness were

compared for each rock formation and vegeta-

tion category.

Data Analyses

Two-way Indicator Species Analysis (TWIN-
SPAN) (Hill 1979) is a classification program
which organizes plot samples into community
groups on the basis of species composition
(identity and cover) using a divisive clustering

algorithm. Plots with similar associations are

grouped together by TWINSPAN and the

program organizes species on the basis of their

affinities for these groups into plant associations.

We analyzed our data using a FORTRAN

version of TWINSPAN and that ran on a

main-frame computer (Alcor) at the University

of California, Davis in 1985.

Canonical Correspondence Analysis (CCA
here after) is a constrained ordination technique

that finds axes of the greatest variability in

community composition for a set of samples

(ter Braak 1986; ter Braak and Smilauer 2002).

Community composition is defined by the

number, identity, and abundance of species.

CCA uses weighted averaging to search for the

best explanatory variables where species abun-
dances are the weights. Assuming the species

have unimodal responses for the explanatory

variables, weighted averaging is the simplest way
to find the species optima (i.e., species scores) for

those variables. A preliminary detrended corre-

spondence analysis (DCA) by segments was used

to assess segment length of gradients using

CANOCO for Windows (Hajek et al. 2002; ter

Braak and Smilauer 2002). The DCA showed
that gradients were 5.20 standard deviations long

and thus were conducive to unimodal methods
such as CCA (Leps and Smilauer 2003). As well,

data diagnostics were performed to access the

assumption of unimodal response of the species

data to the explanatory variables.

The CCA program CANOCO (Leps and
Smilauer 2003) was used to arrange all plant

species along the measured environmental gradi-

ents. The quantitative and nominal environmen-

tal variables we used are listed in Table 2. Species

cover class values were backtransformed to

percent cover using the midpoint value of the

cover class and then were log transformed (plus a

constant of one) because of the many zero values

in order to remedy the positive skew in frequency

distribution of species cover. Species with low
overall cover were downweighted in the analysis

to reduce the undue influence of these rarer

species on the CCA (Fig. 2). This influence

occurred because many of the low cover species

co-occurred in samples with a few more common
species (ter Braak and Smilauer 2002).

All measured and computed (e.g.. Shannon H)
environmental variables were subjected to Monte
Carlo permutation tests in CCA to provide p-

values to assess the marginal significance of each

variable individually. The conditional effect of

each variable was assessed as each was added to a

model during forward selection to explain total

variation in community structure. During this

process, multicolinearity was detected among
several of the variables causing a slight arch

effect in the CCA biplots. A correlation matrix

was generated and sorted using the CORR
procedure in SAS software for all environmental

variables in order to identify redundant environ-

mental variables (SAS Institute Inc. 2004). Any^

pairwise correlation exceeding 0.60 resulted in the

selection of the most objective and ecologically
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Table 2. Variables Selected by Forward Selection and Tested by Monte Carlo Permutation. The
variable codes were used in the CCA biplots. The marginal effect (X^) for each variable is a measure of the variance

each explains when that particular variable is the only environmental variable used. The variables were categorized

as abiotic or biotic for variance partitioning (see text for details). ' Designated as nominal variables, all others are

quantitative. - Variables not selected by MonteCarlo simulation.

Variables Code 1A] Deimition or how measured:

ABIOTIC
Aspect Aspt 0.13 measured with a Brunton pocket transit

Bedrock Bdrk 0.1

1

depth to bedrock

Ca/Mg- Ca/Mg chemically tested soil values in situ

Disturbance Dist 0.25 numerical assessment of degree and recency of disturbance

Elevation Elev 0.13 estimated from 7.5 min. topographic maps
Latitude Lati 0.1

1

distance north from southernmost plot in miles

Gabbro' OaDD f\ 1 0U. 1 z nominal variable designates gabbro rock formation sites

Serpentine' berp U. 1 / nominal variable designates serpentine rock formation sites

Granite' Gran A 1 A
0. 1 0 nominal variable designates granite rock formation sites

Metamorphic' Meta A AO0.09 nominal variable designates metamorphic rock formation sites

olope oipe u. 1 / measured with a Brunton pocket transit

oon L.a n r>Qu.uv chemically tested soil Ca in situ

Storie index otor yj.jyj index of agricultural suitability

Surface i ext u.zu soil texture field estimate

Water rlzU U. 1 / availability of surface water in or near plot

BIOTIC
Cover Covr 0.19 percent of plot area covered by all plants estimated visually

Diversity Dive 0.28 #families/#species

Evenness Even 0.16 calculated as H71n(Exot + NatS)
Groundcover GrCov 0.31 percent of plot covered by forbs estimated visually

Height- Height estimate of overall plant height

Exotic species Exot 0.40 number of introduced species

Native species Nats 0.38 number of native species

Tree cover TrCov 0.46 percent of plot covered by trees estimated visually

Rare species Rare 0.20 number of rare species

Shade- Shade estimate of coverage at 5 dm height

Shannon H' Shan 0.23 calculated as H' (Krebs 1999)

Shrub cover ShCov 0.58 percent of plot covered by shrubs estimated visually

Unique species Uniq 0.13 species found in only a single plot

Chaparral' Chap 0.48 nominal variable designates chaparral sites

Grasslands' Gras 0.51 nominal variable designates grassland sites

Woodland' Wood 0.45 nominal variable designates woodland sites

meaningful variable of the pair, and elimination

of the other correlated variable with the exception

of two pairs of important explanatory variables

that had correlations exceeding 0.8: ground cover
was correlated with grasslands, a nominal site

variable, and tree cover was correlated with

"Woodland", also a nominal site variable (both

correlations >0.80). The remaining explanatory

variables were subjected to another forward
selection and Monte Carlo permutation to

remove those variables that did not explain

significant portions of the overall variance singly

without the influence of any other variable. These
variables were highly unlikely to contribute to an
overall explanatory model of species variability

among the sites. Multicollinearity was not
detected in subsequent CANOCO analyses with
the final set of environmental variables. In a final

CCA analysis, significant variables were identi-

fied and their conditional P-values estimated by
Monte Carlo permuation.

0 25 50 75 100 125 150 175 200 225

Species rank (based on % cover)

Ftg. 2. Down-weighting scheme used for CCA, where
a weight of 1 means the species carries its original

influence on the ordination and lower weights reduce

less frequently occurring species undue influence on the

analysis (see ter Braak and Smilauer 2002). Species were

arranged on the X-axis from most frequent on the left

to least frequent on the right.
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The final CCA diagram of species scores with

biplot scaling, and biplot scores of the quantita-

tive variables and centroid scores of the nominal
variables were interpreted for community struc-

ture (Leps and Smilauer 2003). Multiple CCAs
were run to partition the total variance into

separate 'biotic' (B) factors (plant cover, species

numbers, etc.) and 'abiotic' (A) factors (soil

calcium, soil type, water availability, etc.; Ta-
ble 2) (Legendre 2007). We did this to see how
much of community composition was determined

by site characteristics such as resource availability

(A), by plant-plant interactions (B) and how
much was shared between these two categories

(C). We estimated the A, B, and C fractions using

five partial constrained ordinations. From these

five analyses we were able to decompose the total

variance in the species data set into abiotic,

biotic, and shared sources of explained variance.

Variance decomposition was performed where
the two spatially explicit variables, longitude and
latitude from UTM data were partitioned from
the remaining environmental variables (Legendre

et al. 2005). This decomposition was done to

assess for differences in spatial (beta) diversity.

Results

Floristic Content of the Study Area

Over one thousand plant specimens were
collected on numerous trips to the region. The
fmal list of plants from the entire study area, on
and off gabbro, is a composite of species

identified by various individuals working in the

area (Appendix 1). The list includes 741 distinct

taxa (including 91 subspecies or variaties, 8

species of ferns, and 3 species of mosses) in 376

genera, representing 91 families. The families

with the most taxa were Asteraceae (108 species

and subspecies), Poaceae (71 ), and Fabaceae (58).

During the plot study, 342 species and varieties

were identified within the plot borders (Appendix
1). The taxa found in the plots belonged to 216
genera that occurred within 66 vascular plant

families; 267 (approximately 78%) were Califor-

nia natives. The mean number of plants found in

each plot was 24, and the mean percentage of

California native taxa occurring throughout all

plots was 64.1% (Table 3). We found 219 species

in ''Woodland" areas, of which 76% were native

species. One "Woodland" plot, 100 m- in size,

contained 61 species of plants. The chaparral

contained 190 species, of which 76% were native.

Within the "Woodland" areas, serpentine and
gabbro had the highest levels of natives at 96%
and 81%, respectively. On the other hand, only

36% of the 149 species found in grassland were
native species according to Hickman (1993).

Serpentine grasslands, however, had a greater

proportion of native species (66%) than non-

Table 3. Numerical Distributions of the Study
Area's Flora as Sampled by the Stratified
Random Plot Study. Number in parentheses is the

number of plots in the category.

Categories Values

A. Overall taxa distribution Number of taxa

All plots (139) 342
Gabbro plots (80) 253
Serpentine plots (17) 141

iViClclllUJl JJlllU ctllti glclllllC ZZJ
plots (42)

Grassland plots (38) 149

Woodland plots (38) 219
Chaparral plots (63) 190

B. Gabbro soils only Number of taxa

Grassland gabbro plots (22) 85

Woodland gabbro plots (22) 145

Chaparral gabbro plots (36) 150

C. Species densities Mean taxa per plot

All plots 24

Chaparral plots 21

Grassland plots 20
Woodland plots 35

Gabbro plots 26
Metamorphic plots 23
Granite plots 20
Serpentine plots 24

D. Percent native taxa Mean percent per plot

All plots 64.1

Chaparral plots 75.5

Grassland plots 36.1

Woodland plots 76.3

Gabbro plots 64.0

Metamorphic plots 62.5

Granite plots 37.2

Serpentine plots 76.4

serpentine grasslands. The 100 most frequently

encountered species in the plots, which included

rare species Calystegia stehbinsii Brummitt, Cea-

notlms roderickii W. Knight, Chlorogalum grand-

iflorum Hoover, and Wyethia reticulata Greene
along with the three other listed species {Fremon-

todendron califomicum (Torr.) Coville ssp. de-

cwuhens (R. Lloyd) Munz, Galium califomicum

Hook. & Arn. ssp. sierrae Dempster & Stebbins,

and Packera layneae (Greene) W.A. Weber and
A. Love) are listed in Table 4 with their 4-letter

species codes.
||

The low-growing native herb Galium porrigens
\

Dempster was the most common species found

(Table 4) and grew in over 80% of the "Wood-
land" and shrub plots, but was never found in

grasslands (Table 5) while the exotic grasses Aira

caryophyllea L. and Bromus madritensis L.

occurred in about 80 plots and were found in

all three community types (Tables 4 and 5). The
shrubs with the highest frequency and cover were

native species Arctostaphylos viscida Parry andi
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Adenostoniafascicukitwn Hook. & Arn. (Table 4)

which were found in ca. 75% of the "tall,

closed-canopy chaparraE' and "Woodland''
plots, and on all soil types, but were never

found in grassland (Table 5). The tree with the

highest frequency and cover was the native

oak Quercus wislizenii A. DC, a dominant
species of "Woodland". It was frequently found
in shrub plots and was also found in a few

grassland plots.

Classification

Based on their floristic composition, the 138

plots were classified by TWINSPAN into three

main communities: "Woodland", Shrub, and
"Grassland". Table 5 lists the classification of

the 100 most common species although the

analysis was run using all 347 species and
varieties. "Woodland"-type communities were

generally found on non-serpentine soils. Within

the "Woodland" community types, TWINSPAN
further delimited "Blue Oak Savanna", a com-
munity dominated by Quercus douglcisii Hook. &
Arn. and mostly-native forbs; "Woodland", a

native-species rich community characterized by
high diversity of trees, including the oaks Quercus

wislizenii and Q. kelloggii Newb. and Ponderosa
pine {Pimis ponderosa C. Lawson), vines includ-

ing native honeysuckles (Lonicera spp.) and
abundant poison-oak (Toxicodendron diversiloha

(Torr. & A. Gray) Greene), and native grasses,

forbs, and bulbs; and a "Chaparral-Woodland"
transitional community type that was character-

ized by the shrubs toyon {Heteronieles arbutifolia

(Lindl.) M. Roem.), redbud {Cercis occidentcdis

Torr.) and coffee berry {Rhanmus fomentella

Benth. ssp. crassifolia (Jeps.) J. O. Sawyer), and
Foothill pine (Pinus sabiniana Douglas) species

which also grew on serpentine soils. WyetJiia

reticulata, a species of concern, was included in

the main "Woodland" group, near the "Chapar-
ral-Woodland" transition group.

The Shrub-dominated communities were
found on all soil types including serpentine.

Shrub communities were divided into "Short-

Chaparral" dominated by native low-growing
shrubs, forbs, and grasses - a high proportion of

which were found growing on serpentine soils;

"Tall, Closed-Canopy Chaparral" dominated by
the shrubs Adenostonia fasciculatum Hook. &
Arn. (chamise), Arctostapliylos viscida Parry

(manzanita), the low growing Salvia sononiensis

Greene, and the rare species Ceanothus roderickii

and Chlorogalum grandifloruni.\ and openings in

chaparral, "Open Chaparral, where the exotic

grasses Vulpia myuros (L.) C. C. Gmel. and Aira

caryophyllea L. were commonly found. Both of
these grasses had high occurrence in all three

main community types.

In the "Grassland" community type, 80% of

the most frequently encountered species were
exotic. "Grasslands" were dominated by exotic

annual grasses, especially the brome grasses

(Bro/nus spp. ), oats {Avena spp. ), and exotic forbs,

especially Hypochoeris spp. and Erodiuni spp.

Results of CCA of the Pine Hill Vegetation

Shrub and Tree Cover (quantitative variables)

and community classifications (nominal vari-

ables) explained the highest amount of variance

in the CCA when we evaluated the marginal
significance of each variable individually (Ta-

ble 2). Serpentine was the only soil type that

explained much variation (Table 2). The condi-

tional effect of each variable was assessed as each
was added to a model during forward selection to

explain total variation in community structure

(Table 6). The final model that resulted from
forward selection found the Shrub and Tree cover

variables to have the highest conditional effects

(X/^ = 0.58 and 0.45, respectively) and thus were
the first variables to be included in the multivar-

iate model (Table 6). The Serpentine variable was
the only abiotic variable (and only rock forma-
tion) found to have a moderately high condition-

al (X/^ = 0.15) effect relative to the biotic

variables, followed by elevation, surface texture,

and degree of disturbance (^a = 0.09, 0.08, 0.08,

respectively).

The first two axis of the CCA biplot depicted

three main clusters around variables that gener-

ally describe communities dominated by grass-

land, chaparral, and woodland species (Fig. 3).

There was a smaller cluster of species scores

situated between the "Woodland" and chaparral

clusters. The tree, shrub and exotic species

variables had the longest arrows in the CCA
biplot, and were therefore most strongly related

to community structure. The first CCA axis (x-

axis) was dominated by information contained in

exotic species numbers to the right (rExoSp -ccai
= 0.73) and shrub cover to the left (rshcov-ccAi =
— 0.91) (Fig. 3), and separated the open grass-

lands and blue oak and valley oak savannas from
shrub and tree dominated woodlands and shrub-

lands. The shrub species were most often native

shrub species (r shCov-Nats = 0.74). The second

CCA axis (y-axis) was dominated by tree cover

(iTrCov-ccA2 = —0.91) and "Woodland" sites

(rwood-ccA2 = —0.89) in one direction, and
chaparral sites (rchap-ccA2 = 0.63) in the other

direction, and separated the chaparral from
"Woodland".
The proximity of species in the CCA biplot was

indicative of their co-occurrence in the samples

and aggregations of species were sorted into

communities (Table 7). The species with the

highest cover observed in this study, Adenostonia

fasciculatum (ADFA) is most closely associated
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Table 4. Study Characteristics of the One Hundred Most Frequent Taxa in the Study, Which
Included Rare Taxa CERO, CHGR, and WYRE, Plus Four of the Rare Taxa, CAST, FRCA, GACA,
AND PALA. Taxa are listed by their four-letter codes. Rare species are denoted with an asterisk.

Taxon Number of Average
code Taxon Family plots cover (%)

ACMI Achillea millefolium L. Asteraceae

ADFA Acienostoma jasciculatiim Hook. & Arn. Rosaceae 60 16.8

AECA Aesculus califormca (Spach) Nutt. Hippocastanaceae
AETR Aegilops triimcialis L. Poaceae
AICA Aira caryophyllea L. Poaceae 80 1.5

ARVI Arctostapliylos viscida Parry Ericaceae 72 13.6

AVBA Avena barhata Link.. Poaceae 43 2.4

AVFA Arena fatua L. Poaceae
BAPI Baccnans pilulans UC ssp. consangumea (UC.) C.B.

Wolf
Asteraceae

BRDI Bromus aiamtrus Roth Poaceae 37 5.1

BRDS Bracliypoaium aistachyon (L.) P. Beauv. Poaceae
BREL Brodiaea elegans Hoover Liliaceae

BRHO Bromus liordeaceus L. Poaceae 56 8.7

BRLA Bromus laevipes Shear Poaceae
BKMA Bromus madritensis L. Poaceae 79 1.9

BRMI Briza minor L. Poaceae
BRST Bromus sterilis L. Poaceae
CAAL Briza minor L. Liliaceae 51 0.3

CABR Care.x bramerdu Mack. Cyperaceae
CAOL Lardamme oligosperma 1 on. & A.Gray Brassicaceae

*CAS 1 Calystegia stebbmsu Brummit Convolvulaceae
CECU Ceanotluis cuneatus (Hook.) Nutt. Rhamnaceae
CEGL Cerastium glomeratum Thuill. Caryophyllaceae

CELb Ceanothus lemmonii Parry Rhamnaceae
CEOC Cercis occidentalis lorr. Fabaceae
CEPA Ceanothus palmeri Trel. Rhamnaceae
*CERO Cenothus roderickii W. Knight Rhamnaceae
*CHGR / / 7 J '11 T TChlorogalum grandiflorum Hoover Liliaceae

CHrO Chlorogalum pomeridiatuim (DC.) Kunth Liliaceae

CLLA Clematis lasiantha Nutt. Ranunculaceae
CLPE Claytoma perfohata Donn ex Willd. Portulacaceae

CYEC Cynosurus echinatus L. Poaceae
Dichelostemma capitatum Alph. Wood Liliaceae

DIMU Dichelostemma multilflorum (Benth.) A. A. Heller Liliaceae

DIVO Dichelostemma volubile (Ivellogg) A. A. Heller Liliaceae

ELGL Elymus glaucus Buckley ssp. Jepsonii (Burtt Davey)
11Gould

Poaceae

ELMU hlymus multisetus (J.G. Smith) Burtt Davy Poaceae
ERCA Eriodictyon californicum (Hook. & Arn.) Torr. Hydrophyllaceae
ERCl Erodium cicutarium (L.) L'Her. ex Alton Geraniaceae

ERLA hriophylhim lanatuni (Pursh) rorbes var. grandiflorum

(A. Gray) Jeps.

Asteraceae

ERBR Erodium hrachycarpum (Godr.) Thell. Geraniaceae

FIGA Filago californica Nutt. Asteraceae

*FRCA Fremontodendron californicum (Torr. Coville) ssp.

decumbens (R. Lloyd) Munz
Sterculiaceae

GAAP Galium aparine L. Rubiaceae 48 1 .2

*GACA Galium californicum Hook. & Arn. ssp. sierrae

Dempster & Stebbms
Rubiaceae

GADI Galium divaricatum Pourr. ex Lam. Rubiaceae
GAPO Galium porri^ens Dempster Rubiaceae 82 0.8

GAVE Gastridium ventricosum (Gouan) Schinz & Thell. Poaceae

GEDI Geranium dissectum L. Geraniaceae
GEMO Geranium molle L. Geraniaceae
HEAR Heteromeles arbutifolia (Lindl.) M. Roem. Rosaceae 66 6.4

HEMI Hesperolinon micranthum (A. Gray) Small Linaceae

HOMU Hordeum miirinum L. ssp. leporinum (Link) Arcang. Poaceae
HOVI Holocarpha virgata (A. Gray) D.D. Keck Asteraceae

HYGL Hypochaeris glabra L. Asteraceae 41 0.5

HYRA Hypochaeris radicata L. Asteraceae
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Taxon Number of Averag

code Taxon Family plots cover

IRMA Iris macrosiphon Torr. Iridaceae

LASU Lathyrus sulphureus A. Gray Fabaceae

LECA Lepechinia calyciua (Benth.) Epling ex Munz Lamiaceae
LOHI Lcmicera liispidula (Lindl.) Dougl. ex Torr. &

A. Gray var. vacillans A. Gray
Caprifoliaceae

LOIN Lonicera interrupta Benth. CaprifoHaceae

LOMI Lotus uiicrcmthus Benth. Fabaceae

LOMU Loliuni nudtiflorum L. Poaceae

LUBI Lupinus hicolor Lindl. Fabaceae

LUCO Luzula coniosa E. Mey. Juncaceae

MAEX Madia e.xigua (Sm.) A. Gray Asteraceae

MAGR Madia gracilis (Sm.) D. D. Keck Asteraceae

MECA Melica califoniica Scribn. Poaceae

METO Melica torreyana Scribn. Poaceae

MICA Micropus ca/ifornicus Fisch. & C.A. Mey. Asteraceae

MOVI Moiiardella villosa Benth.ssp. villosa Lamiaceae
*PALA Packera layneae (Greene) W.A. Weber & A. Love Asteraceae

PETR Peutagramma triangularis (Kaulf.) Yatsk.,

Windham & e. Wollenw.
Pteridaceae

PIPO Pinus ponderosa C. Lawson Pinaceae

PISA Pinus sabiniana Douglas Pinaceae

PEER Plantago erecta Morris Plantaginaceae

POCO Polygala cormita Kellogg Polygalaceae

QUCH Quercus chrysolepis Leibm. Fagaceae
QUDM Quercus dumosa Nutt. Fagaceae
QUDO Quercus douglasii Hook. & Arn. Fagaceae
QUKE Quercus kelloggii Newb. Fagaceae
QUWI Quercus wis/izenii A. DC. Fagaceae 40 9.9

RAOC Ranunculus occidentalis Nutt. var. eisenii (Kellogg)

A. Gray
Ranunculaceae

RHIL Rhanmus ilicifolia Kellogg Rhamnaceae 38 0.7

RHTO Rhcunnus tomentella Benth. ssp. crassifolia (Jeps.)

J.O. Sawyer
Rhamnaceae

SABI Sanicula hipinnata Hook. & Arn. Apiaceae 46 0.6

SACR Sanicula crassicaulis Poepp. ex DC. Apiaceae 40 0.7

SASO Salvia sonomensis Greene Lamiaceae 40 6.8

SIMA Sidalcea nialvaeflora (DC.) A. Gray ex. Benth. ssp.

asprella (Greene) C.L. Hitchc.

Malvaceae

SEAR Senecio aronicoides DC. Asteraceae

STME Stellaria media (L.) Vill. Caryophyllaceae

TACA Taeniatherum caput-medusae (L.) Nevski Poaceae
TOAR Torilis arvensis (Huds.) Link Apiaceae 52 3.8

TODI Toxicodendron diversilohuni (Torr. & A. Gray) Greene Anacardiaceae 53 4.7

TRDU Trifoliuni duhiwn Sibth. Fabaceae
TRMI Trifoliuni microceplialuni Pursh. Fabaceae
TRPR Trifolium pratense L. Fabaceae
TRWI Trifolium willdenovii Spreng. Fabaceae
VINI Vicia sativa L. ssp. nigra L. Fabaceae
VIVA Vicia villosa Roth ssp. varia (Host) Corb. Fabaceae
VUHI Vulpia myuros (L.) C.C. Gmel. var. hirsute Hack. Poaceae
VUMY Vulpia myuros (L.) C.C. Gmel. Poaceae 72 2.4

VUPA Vulpia microstacliys (Nutt.) Munro var. pauciflora

(Scribn. ex. Beal) Lonard & Gould
Poaceae

*WYRE Wyethia reticulata Greene Asteraceae

with the cluster "Chaparral 1" (Yellow group in

Figure 3; Table 7). Additional shrub species in

"Chaparral 1" include Arctostaphylos visckia

(ARVI), Ceanothus lemmonii Parry (CELE),
and Quercus dumosa Nutt. (QUDM) and low-

growing Salvia sonomensis (SASO). Four rare

species were most abundant in the "Chaparral 1"

cluster and closely associated with each other;

Calystegia stehhinsii (CAST), Ceanothus roder-

ickii (CERO), Chlorogcdum grcmdiflora (CHGR),
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Table 5. Summary of TWINSPAN Classifications the 100 Most Frequently Encountered Plant
Taxa. The listing is arranged into the three main TWINSPAN community types (WOODLAND, SHRUB,
GRASSLAND). The three right-hand columns contain the frequency (percentage of plots) of taxa found in shrub-

dominated, tree-dominated and open, grassland type plots: frequencies in bold text are plants characteristic of the

main community type. Within the main types, TWINSPAN community sub-types are delimited. Species

abbreviations as in Table 4. Underlined species are those that occurred in ca. 10% or more plots in each main
community type. Plants with an asterisk are rare species among the top 100 species. Plant names followed by
''Serp" were found in serpentine plots.

IN cl Live/ llILl KJSJ. LlV^CCl Lite form Shrub plots VV WVJVJ^ldllU^ ^H^lo VJ 1 do&lClllVJ. ]J1L^L?>

WOODLAND
Blue Oak Savanna

MAGR Serp N forb L6 31.6 5.3

TRWI Serp N forb 7.9 15.8 7.9

QUDO Serp N tree 3.2 55.3 21.1

GAAP Serp I forb 7.9 84.2 18.4

CLPE Serp N forb 3.2 31.6 10.5

RAOC N forb 34.2 2.6

CAOL Serp N forb 4.8 23.7 2.6

CYEC Serp I grass 4.8 78.9 10.5

SACR Serp N forb ILl 78.9 5.3

TOAR Serp I forb 12.7 92.1 18.4

AECA N tree 1.6 26.3

CLLA Serp "NT
JN 16 ICO

QUCH Serp N tree 7.9

QUWI Serp N tree 19.0 71.1 2.6

DIVO Serp N bulb 3.2 57.9 2.6

BRLA N grass 52.6

FT OT N grass 68.4 2.6

LASU N forb 2.6 7.9

LOHl N vine 39.5

LOIN Serp N vine 3.2 36.8

LUCO N forb 68.4

SIMA N forb 1.6 36.8

ACMI N loro 39.5

IRMA Serp N forb 3.2 44.7

PIPO N tree 23.7

QUKE N tree 52.6

TOD I Serp N vine 23.8 92.1

MECA Serp N grass 12.7 47.4
^ W Y RE "NT

JN forb 4.8 18.4

C^A t>K "NTJN forb 6.3 15.8

MOV 1
"NT
JN forb 7.9 28.9

Chaparral-Woodland Transition

CAAL Serp N bulb 47.6 73.7

CEOC N tree 9.5 23.7

HEAR Serp N shrub 44.4 71.1

RHTO Serp N shrub 23.8 31.6

BRDS I grass 7.9 10.5

PISA Serp N tree 23.8 26.3

PETR Serp N fern 19.0 28.9

SHRUB
Short Chaparral

BRMA Serp I grass 69.8 65.8 13.2

SABI Serp N forb 39.7 36.8 15.8

BAPI N shrub 12.7 15.8 2.6

VUPA Serp N grass 19.0 13.2 2.6

CEPA Serp N shrub 4.8 2.6

CHPO Serp N bulb 15.9 26.3

GAPO Serp N forb 81.0 84.2

METO Serp N grass 9.5 18.4

RHIL Serp N shrub 30.2 44.7

ELMU Serp N grass 17.5 13.2

ERLA Serp N forb 20.6 15.8
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Plant taxa Native/ Introduced Life form Shrub plots Woodland plots Grassland

IN snru b 28.9

forb 9 5 18.4

Tal Closed-Canopy Chaparral

CECU Serp N shrub 7.9 5.3

ADFA Serp N shrub 76.2 18.4

ARVI Serp N shrub 74.6 55.3

FIGA Serp I forb 14.3 2.6

GAVE Serp I grass 54.0 l.O

LECA N shrub 27.0

MAEX Serp N forb 30.2 Z.O

QUDM Serp N tree 15.9 n Q

DIMU Serp N bulb 23.8 J.

5

j.i
XT shrub 10.5
XTIN shrub 2.6

* c x> XTIN DUID 77 7

XT shrub 70 f\

rlt-ivii oeip XTIN roi D

SASO N forb 58.7 5.3

Open Chaparral

\/T T^/rv Qf=rt->V u ivi 1 oerp T
1 grass 66.7 7/1 7 AA 1

C\ A vw T
i forb 19.0 J.

5

oerp T1 grass 77.8 78 Q

ivin^/\ oerp XT forb 14.3 7 f>.Z.O

rLtK. i^erp XT forb 12.7 7 Q

GRASSLAND
LOMI Serp N forb 11.

1

5.3 18.4

DICA Serp N bulb 20.6 10.5 31.6

HYGL Serp I forb 25.4 5.3 50.0

HYRA Serp I forb 11.1 21.1

VINI I forb 10.5 42.1

BRHO Serp I grass 15.9 23.7 97.4

ERCI I forb 1.6 39.5

HOMU Serp I grass 26.3

LUBI Serp N forb 50.0

TRDU Serp I forb 1.6 44.7

TRPR Serp I forb 1.6 5.3 57.9

AETR Serp I grass 1.6 2.6 44.7

AVFA Serp I grass 13.2 52.6

BRDI I grass 26.3 68.4

ERBR Serp I forb 1.6 81.6

GEDI Serp I forb 7.9 55.3

LUMU Serp I grass 5.3 39.5

BREL N bulb 4.8 18.4 60.5

TACA grass 2.6 50.0

VUHI Serp I grass 6.3 2.6 13.2

HOVI N forb 18.4

VIVA forb 2.6 18.4

BRMI grass 1.6 18.4 34.2

CEGL forb 3.2 28.9 34.2

GEMO forb 1.6 21.1 31.6

AVBA Serp grass 22.2 39.5 36.8

BRST Serp grass 31.6 21.1

STME forb 21.1 28.9

TRMI N forb 9.5 21.1 23.7

plots

and Frcmontodendron califomicum ssp decumbens
(FRCA) (Table 8). ^'Chaparral V was found on
southerly facing slopes ("Aspt'') and was associ-

ated with soils derived from serpentine and
gabbro that were rocky ("Text"), dry ("H20"),

and CA-poor ("CA") but moderately deep
("Bdrk").

A second high diversity shrub-dominated
cluster - "Chaparral 2" (Blue group Fig. 3;

Table 7) - was located in CCA space between
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Table 6. Results of Forward Selection in

Order of Variable Inclusion into the Final
Model. The conditional effects (Xa) are the

additional variance explained by that variable upon its

inclusion into the model. All variables contributed

significantly to the model (P-value < 0.05). Variable

codes follow Table 2.

Variable P-value F ratio

Adenostoma-Arctostaphylos "Chaparral 1" and
the "Woodland" communities. Species that char-

acterize "Chaparral 2" were shrubs Heteromeles
arbutifolia (HEAR), Cercis occidentalis (CEOC),
and Rhaninus tomentella ssp. crassifolia (RHTO);
the sedge Carex brainerdii Mackensie (CABR),
and two rare species, Packera layneae (PALA)
and Wyethia reticulata (WYRE). Foothill Pine,

Pinus sabiniana (PISA) was placed between
"Chaparral 2" and "Woodland" (Fig. 3). Envi-

ronmental variables associated with "Chaparral
2" included steeper slopes than "Chaparral 1", but

with more moderate (non-southerly) aspect and
higher water availability. This group was strongly

associated with other native species, and negative-

ly associated with disturbance, exotic species, and
the "Grassland" cluster. Both shrub clusters were
associated with higher numbers of families per

species ("Dive") than the "Grassland" cluster

which was dominated by species in Poaceae.

The "Woodland" cluster (Red group in Fig. 3;

Table 7) was associated with north facing slopes,

the presence of water, and shallow, metamorphic-
or granite-derived soils with high calcium and few
surface rocks. Not surprisingly, it was associated

with high tree cover ("TrCov"), and high total

cover ("Covr"). This cluster was associated with

high species diversity ("Shan"), especially native

species ("NatS"), and species diversity was homo-
geneous among plots ("Even"). "Woodland" was
negatively associated with disturbance ("Dist").

om^ov U.JO u.uuz 1 A nn

1 ri^ov fiU.'+J U.UUz 1 1 AQ
I I .'4-0

iNaio n 1

Q

u.uuz J.UO

kjCI p 0 1 S 0 on?

Chap (\ lA u.uuz

XJniq n 1

0

w.iz Al

ciev n HQ Z.OD

1 exL U.Uo z.zo

L'lSI VJ.VJo u.uuz Z..z.y

Lati 0.07 0.002 2.16

Dive 0.07 0.002 2.12

Rare 0.07 0.002 2.10

Stor 0.07 0.002 2.00

GrCov 0.06 0.002 1.96

Gabb 0.06 0.002 1.83

Bdrk 0.06 0.002 1.75

Exot 0.05 0.002 1.74

Wood 0.06 0.004 1.72

Slpe 0.05 0.004 1.66

Cov 0.05 0.004 1.67

CA 0.05 0.002 1.60

Shan 0.05 0.026 1.33

Even 0.04 0.018 1.40

Gran 0.05 0.018 1.62

CAST

TACA

TRPR /
Dist \ rRdu

APT^^
y/y/\ ALOMU

Gras

At'OVI

ERBR

AGEDI
^AETR

ABRDl

ExoS

Nats

TODI
SACR
QUWI

QUKE
CEIN

TrCov

Covr

^ QUDO BRSr

\0AR ^Q^LO

GrCov

-LO LO
Fig. 3. First two canonical correspondence analysis (CCA) axes depicting biplot scores of the 50 most abundant
species (hollow triangles), quantitative (arrows), and nominal (filled triangles) environmental variables. The four

clusters of species associations are those corresponding to sites with many introduced species (green), to woodland
sites (red), to chaparral type 1 sites (yellow), and to chaparral type 2 sites (blue). See Table 4 for species

abbreviations list and Table 2 for list of factors and their abbreviations.
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Table 7. The Four Clusters of Species Associations Based on Chi Square Distances from the CCA
ON 104 Taxa (Colors as in Fig. 3). Taxa abbreviations as in Table 4. The rare taxa are in bold text. The lower

case letters following taxon abbreviations in Chaparral 1 and 2 refer to fire regeneration mechanisms: f =
facultative seeder, r = obligate resprouter, r? = potential to resprout suggested by underground perennating

structures, s = obligate seeder. (Anderson 1991; Keeley 1991; Hickman 1993; Franklin et al. 2004;

personal observation).

Cluster 1 grassland Cluster 2 Cluster 3 chaparral 1- xeric Cluster 4 chaparral 2

-

(green) woodland (red) seeders (yellow) mesic resprouters (blue)

AETR HYRA ACM I LUCO ADFA-f CHGR-r HEMI CAAL-r
AVBA LOMI AECA MAGR AICA CHPO-r LECA-s CABR-r?
AVFA LOMU BRLA PEAZ ARVI-s DIMU-r MAEX CAOL-r?
BRDI LUBI BRST PIPO BAPI-r ELMU MICA CEOC-r&s
BREL SIMA CLPE PISA BRDS ERCA-r POCO CLLA
BRHO TACA CYEC QUCH BRMA ERLA QUDM-r HEAR-r
BRMI TRDU CYGR QUDO CAST-s FIGA RHIL-r MECA-r?
CEGL TRMI DIVO QUKE CECU-s FRCA-f SABI METO
DICA TRPR ELGL QUWI CELE-s GADI SASO-f MOVI
ERCI TRWI GAAP RAOC CEPA GAPO VUMY PALA-r
GEDI VIHI GACA SACR CERO-s GAVE VUPA PETR-r?
GEMO VINI IRMA SIMA RHTO-r
HOMU VIVA LASU TOAR SEAR-r?
HOVI VUHI LOHI TODI WYRE-r
HYGL

Plants found in this cluster included trees such as

the oaks (Quercus sp; QUWI, QUKE, QUCH,
QUDO, QULO), Aescidus californica (Spach.)

Nutt. (AECA), and Pinus ponderosa (PIPO), vines

such as Toxicodendron diversiloba, and low
growing forbs such as Galium spp. including the

rare G. californicum ssp. sierrae (GACA).
Many of the exotic species such as annual

grasses Avena fatua L., Bromus dicmdrus Roth, B.

hordeaceous L., Lolium midtiflorum L., and
Taeniatherum cciput-meduscie (L.) Nevski (AVFA,
BRDI, BRHO, LOMU, and TACA) and forbs

Trifolium dubium Sibth., T. pretense L., and
Erodiwn brachycarpimi (Godr.) Thell. (TRDU,
TRPR, and ERBR) occurred in the "Grassland"
cluster and were top ranked along the distur-

bance arrow (Green group Fig. 3; Table 8).

""Grassland" was associated with granitic soils

on generally level sites, and was highest rated for

agriculture according to the Storie Index.

"Grassland" was negatively associated with
shrub cover, plant family diversity, and rare

species and strongly associated with Exotic

Species ("ExoS"),

Since one of the initial goals of this study was
to investigate the existence of plant communities
that included rare and endangered plants living

upon relatively unique soils, special attention was
given to plots that included rare species. Within the

plot study, only 19 plots possessed rare taxa; all of
those were located in either chaparral or woodland
areas of gabbro soils. None of the rare plant

species was found in the "Grassland" cluster

(Table 7). Of the rare taxa, Ca/ystegia stebbinsii

(CAST), Ceanothus roderickii (CERO), CJdoro-

galum grandiflorum (CHGR), and Frenumtoden-
dron californica ssp decumbens (FRCA) were most

abundant in the "Chaparral 1" cluster and closely

associated with each other. Galium californicum

ssp sierrae (GACA) was found in the "Wood-
land" cluster adjacent to "Chaparral 2". Packera
layneae (PALA) and Wyethia reticulata (WYRE)
were more abundant in the "Chaparral 2" cluster.

Variance partitioning of biotic sources of vari-

ance from abiotic sources revealed that 12.5% of

the total species variation was explained by purely

abiotic factors and 18.6% by biotic factors

(Tables 8 and 9). According to peimutation tests,

both of these sources of variation were significant

(P = 0.002) and were of equal weight in explaining

variance (at the 5% level). The two categories of

variables shared 14.8% of the total species variance.

Partitioning the explanatory variables into

spatially explicit (longitude and latitude) and
the remaining environmental variables suggested

that there may be a small amount of beta

diversity among the sites. A linear model of

spatial variables explained about 1.3% of the

total species variation. An additional 1.1% of the

variation was explained jointly by spatial ar-

rangement and the remaining environmental
variables. Whereas the full model (P = 0.002)

explained a significant portion of species varia-

tion according to permutation tests, the purely

spatial sources (P = 0.054) explained only a

marginally significant portion.

Species diversity in terms of the Shannon
diversity index (H') tended to be highest on gabbro
soils and lowest on metamorphic soils, and was
highest in "Woodland" and lowest in "Chaparral"

plots (Fig. 4). Species evenness among sites was
similar within rock formation groups; "Wood-
land" and "Grassland" plots were more homoge-
neous than the chaparral plots.
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Table 8. Variance Explained by Abiotic and Biotic Factors in the Pine Hill Flora. The trace is the

sum of all canonical variables in the analysis. The F ratio and P-values were generated by Monte Carlo permutation

tests (see text for details).

Source Trace F ratio P value % variance

Abiotic ignoring biotic 1.717 3.326 0.002 27.3

Biotic ignoring abiotic 2.104 4.452 0.002 33.4

Both 2.891 3.340 0.002 46.0

Abiotic adjusted for biotic 0.787 1.818 0.002 12.5

Biotic adjusted for abiotic 1.173 2.712 0.002 18.6

Total inertia 6.290 100.0

Discussion

The Pine Hill area stands out as an ecological

island of considerable interest due to its diverse

flora, vegetation types, rare plant species, and
uncommon geology. The 731 species of vascular

plants found there and on its borders account for

more than 10% of the plant species found in the

entire state of California (6,885 species, Hickman
1993) while encompassing less than 0.05% of the

area of the entire State. Within this small area we
found a diversity of plant forms (ferns, grasses,

forbs, shrubs, vines, and trees) within three main
community types, many native species including

edaphic endemic species, a rich non-native flora,

geological and topographic complexity that

created numerous habitats, and natural and
human-caused disturbances that created tempo-
ral diversity. Any or all of these factors interacted

to produce an area about 200-fold more diverse

on average than the State as a whole.

The distributions of species were related

equally to biotic (cover, native species diversity,

etc.) and abiotic variables (serpentine soil, soil

texture, etc.). Variance in species distributions

due to spatial constraints or correlations was
small (<2% of variation), which suggests that

dispersal limitations have not played a role in

community structure at the spatial scale of the

Pine Hill gabbro intrusion although dispersal

limitations may have played a role at both larger

and smaller spatial scales (Bell 2005). TWIN-
SPAN and CCA analysis were in agreement in

identifying three basic vegetation types within the

study area. The first and most common of these

was chaparral shrublands. Overall the chaparral

of the study area was rich in terms of native

species diversity and had relatively few exotic

species. Much of the chaparral was composed of

extremely thick stands of Adenostoma fascicula-

tum (chamise) and/or Arctostaphylos viscida

(whiteleaf manzanita). This type of chaparral

occurred on south and southwest facing slopes on
gabbro or serpentine soils. A second type of

chaparral, denoted by the presence of evergreen

shrubs Heteromeles arhutifolia and Rhanmus
tomentella, and deciduous shrub/tree Cercis

occidenta/is, occurred on sites with moderate

exposure and was intermediate in our analysis

between ''Woodland" and "Chaparral.

The two main strategies by which chaparral

plants regenerate after fire are vegetative re-

sprouting and recruitment from seeds whose
germination is cued by fire. Shrubs such as

Arctostaphylos viscida and Ccanothiis cimeatus

(Hook.) Nutt. are referred to as obligate seeders

as the plants are killed by fire and the species

must regenerate from long-lived seed stored in

the soil seed bank (Keeley 1987, 1991). While the

seedlings are able to exploit the high light,

nutrient, and water availabihty of the post-fire

environment in the spring following fire, they are

then subject to severe moisture stress during the

summer drought. As a consequence, these species

have evolved higher tolerance to drought than the

seedhngs of obligate resprouters (Keeley 1998).

Obligate resprouters, such as Heteromeles arhu-

tifolia and Rhanvms tomentella, are not killed by
fire but resprout from underground structures

such as lignotubers, roots, and/or rhizomes

following fire. They do not depend on fire to

cue the germination of their seeds; indeed seeds

may be short-lived or killed by fire's heat.

However, some resprouters, such as Wyethia

reticulata (Ayres in press), may not flower until

the shrub canopy is removed and thus are

indirectly dependant on fire for sexual repro-

duction. In general, seedlings of resprouting

species are less drought tolerant than the

seedlings of seeders (Davis et al. 1998; Keeley

1998) and may require shaded, mesic sites for

seedling survival, such as under the shrub

canopy. Some species, such as Adenostoma
fasciculatum. are termed "facultative seeders" as

they employ both strategies; the plants and seeds

both survive fire and thus these species can both

resprout and germinate following fire. Based on
species response models Meentemeyer et al.

(2001) have suggested that limitations on seed

germination and seedling survival affect land-

scape patterns of shrub establishment with fire-

dependant seeding species occurring on xeric,

exposed slopes, while resprouting species are

more common on protected, mesic sites. This

interpretation is consistent with the chaparral

communities we found.
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Table 9. Variance Decomposition of the Effect
OF Abiotic and Biotic Factors on Gabbro
Associated Vegetation. Computations are based

on CCA analyses presented in Table 9 and the

components correspond to those depicted in Figure 3.

Component Source Variance Percentage

A Pure abiotic 0.787 12.5

B Shared 0.930 14.8

C Pure biotic 1.173 18.7

D Residual 3.399 54.0

Our study suggests that there are two distinct

chaparral types in what has been previously

identified as one community, "'Northern Gab-
broic Chaparral" (Holland 1986), and more
recently as the {Arctostaphylos viscida - Adeuos-

toma fasciculatum) I Salvia sonomciisis Associa-

tion (Klein et al. 2007). "Chaparral V\ dominat-

ed by chamise (ADFA) and inanzanita (ARVI)
was associated with a harsh set of environmental

conditions in the CCA and contained a distinct

set of plant species many of which respond to fire

by facultative or obligate seeding (Fig. 3, Ta-
ble 7). We termed this coinmunity ''Xeric Seed-

ing'' to denote the harsh environment and
dominant method of fire regeneration. As well,

this type of chaparral was identified and classified

using TWINSPAN as 'Tall Chaparraf' (Ta-

ble 5). "Chaparral 2", identified as a "Chaparral-

Woodland" transitional type in TWINSPAN,
was characterized in the CCA by more moderate
environmental conditions and species that em-
ploy a resprouting strategy to survive fire, e.g.,

evergreen shrub species Heteronieles avbutifoUa

(HEAR), and Rhamnus tomeutella (RHTO), and
deciduous Cercis occidentalis which both i"e-

sprouts following fire (Anderson 1991) and has

long-lived seed that survives fire. We teiTned this

type of chaparral "Mesic Reprouting".

"Woodland", the second main woody vegeta-

tion type, appeared where the chaparral-covered

slopes came together to form a pattern of
drainage gullies and stream courses, and extended
into the lower and narrower riparian canyons of
the region. Woodland vegetation, with occasional

elements from higher elevation forest (e.g., Finns

pondevosa), followed the pattern of drainage
courses and streambeds. In addition to serving

as riparian tree cover, woodland vegetation

covered the north-facing slopes of the steeper

hills and ridges as well. A rich variety of native

plant taxa occurred in the "Woodland" and this

community had the highest Shannon's H' diver-

sity index (Fig. 4). In many wooded areas, three

structural layers or strata were found: a canopy
of overstory trees, an understory layer of shrubs
and smaller trees, and an herbaceous ground
cover. Like the chaparral, the woodland vegeta-

tion varied in density. Some areas were extremely
thick and almost impenetrable; these were

0-4

0.0 4^

• Gabbro

Metamorphic
A Serpentine

Granite

o Chaparral

Savanna
A Woodland

0 0 1.7 1 8 1.9 2 0 2.1 2.2 2 3 2 4 2 5

Shannon's diversity (H)

Fig. 4. Shannon's diversity (X-axis) and evenness (Y-

axis) for species associations based on soil (solid shapes)

and vegetation type (open shapes).

identified using TWINSPAN as species-rich

"Woodland". The upper layer of this vegetation

type was usually quite closed, providing cooler

micro-climates beneath the canopy of live oaks
and vines. Other "Woodland" types were open,

park-like meadows of native and exotic forbs

with scattered Blue Oaks (QUDO) ("Blue-Oak
Savanna", Table 5). Intermediate between
"Woodland" and "Shrubland" was a community
that contained shrubs typical of "Chaparral 2"

and included Foothill Pine (PISA) ("Chaparral-

Woodland" Transition Table 5).

In the wider, open valleys of the region, the

chaparral and woodlands gave way to the third

basic vegetation type, the grasslands. Most of the

species were common exotic annuals (e.g.. Arena
spp. Bronnis spp., Erodiwn spp., Lotns spp.,

Trifoliwu spp.. Tables 5 and 7) that germinated in

the fall and early spring, set seed, and were dead
by early summer. This species composition was
typical of what has been observed in the

Cahfornia foothill grasslands for at least several

decades (Bentley and Talbot 1948) with the

exception of more recent arrivals, Acgilops

trinncialis L. and Taeniatherwn caput-niedusae.

In the Pine Hill area, this vegetation was strongly

associated with high numbers of exotic species,

high levels of disturbance, granitic soils, little

slope and a high Storie Index. They appeared as

open sunny meadows with occasional scattered

oaks {Quercus donglasii, Q. wislizcnii and occa-

sionally Q. lohata Nee) and California buckeye
{Aescnlns californica) that provided disconnected

patches of shade. Past and current grazing

practices may maintain this vegetation type

(Bentley and Talbot 1948).

Rare Taxa of Pine Hill Area

No single location or vegetation type was
found to contain all of the rare plant species. Of
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the three basic vegetation types in the Pine Hill

area, only the exotic-dominated "Grassland''

lacked rare plant species. Calystegia stebhinsii,

Cecmothus roderickii, Galium californicum ssp.

sierrae, Fremontodendron californicum ssp decum-
bens, and Wyethia reticulata were only found on
gabbro soils, although C. stebbinsii is known to

occur on serpentine soils in Nevada County
(CNDDB 2008), and Packera layneae occurred

on three soil types (Table 1). It is not obvious

from our analyses why five rare species should be

restricted to gabbro-derived soil in El Dorado
Co. In fact, serpentine substrate played a larger

role in community structuring than gabbro in our
CCA analysis. Stringent environmental condi-

tions were associated with both rare (FRCA,
CERO, CAST) and widespread (ADFA, ARVI)
species; less stringent conditions were similarly

associated with both rare (GACA, PALA,
WYRE) and widespread species (HEAR, RHTO,
TODI). Dispersal limitation may play a role

restricting species distributions at the scale of

single habitat patches and over broader regional

scales where seed movement is infrequent (Bell

2005), but it apparently did not play a large role

at the spatial scale of our study. In short, we did

not find an explanation for the limited distribu-

tions of the rare species.

The rare species have been observed recovering

after controlled burns as well as wildfires. Studies

of recovery after fires of both types in the Pine

Hill area indicated that Ceanothus roderickii,

Fremontodendron californicum ssp. decumbens,
and Calystegia stebbinsii recover from fire

through seeds in the soil whose germination is

promoted by fire (Boyd 1987, 2007; Nosal 1997)

(Table 1). Calystegia stebbinsii, a short-lived

twining vine with a woody caudex and rhizomes,

may also be able to resprout after short-interval

fires as has been observed for C macrostegia

(Greene) Brummitt, a congener with similar

growth traits, in southern California chaparral

(Keeley et al. 2006). Wyethia reticulata (Boyd
1987; Ayres and Ryan 1997), Chlorogalum grand-

iflorum (personal observation), Fremontodendron
californicum ssp. decumbens (Boyd 1987) and
Packera layneae (personal observation) can re-

sprout from underground roots, bulbs, or rhi-

zomes after fire.

Significantly, each chaparral type contained a

different assemblage of rare species; "Chaparral
r' contained four rare species (CAST, CERO,
CHGR, FRCA) while "Chaparral contained

two rare species (PALA, WYRE). Galium cali-

fornicum ssp. sierrae (GACA) was located in

CCA space in the "Woodland'' community near

the border with "Chaparral 2". While our results

were based on only 19 plots containing rare

species, recently Gogol-Prokurat analyzed 79

chaparral releves containing one or more rare

plants from the Pine Hill area (Gogol-Prokurat

2009). She found that releves where "Chaparral
2 " plants (e.g., CABR, CEOC, HEAR, RHTO)
were present at cumulative cover values of 3% or

higher had more occurrences of resprouting

species WYRE, PALA, and CHGR, and facul-

tative seeder FRCA than plots that did not
contain these mesic chaparral species. CERO and
CAST, obligate seeders were found predominant-
ly in xeric Chaparral type 1 releves.

Thus, the modes of regeneration of the rare

species are tied to environmental harshness and
the regeneration strategies of diagnostic com-
mon shrub species. This association is impor-
tant for the preservation of these rare plants for

the following reasons: 1) both types of chapar-
ral should be targeted for preservation as each
potentially contains a different sub-set of rare

species; 2) the search for new populations of a

particular rare species, especially those species

present only in the seed bank, may be facilitated

by looking for diagnostic shrub species; 3) while

the regeneration of populations of one or

possibly two species (CERO and possibly

CAST) requires fire, the regeneration of others

(WYRE, PALA, CHGR) may be possible with
mechanical removal of the shrub canopy to

promote flowering, and/or planting seed into

the thick litter of established stands (FRCA, see

Boyd and Serrafini 1992); and, 4) if artificial

populations are deemed necessary, the selection

of the appropriate type of chaparral for each
species may promote the success of those

efforts.

Galium californicum ssp sierrae (GACA) was
the only rare species not found in chaparral.

Much of its biology, including its mode of

regeneration following fire, is unknown. Thought
to be an oak woodland species, GACA was
placed within the Quercus kelloggii / Arctostaph-

ylos viscida Provisional Association by Klein et

al. (2007), an association that included several of

the "Chaparral 2" shrubs identified here (e.g.,

HEAR, CEOC, and RHTO) and rare perennial

Wyethia reticulata (Fig. 3). Of note, after a 2007

fire G. californicum ssp sierra was observed

resprouting near fire-killed trunks of Q. kelloggii

trees in a community that contained resprouting

Packera layneae, W. reticulata, Heteromeles

arbutifolia, and reseeding Cercis occidentalis -

plants of or in close association to "Chaparral 2"

vegetation. This occurrence suggests that the

native community of this tiny plant may be more
like "Chaparral 2" than oak woodland.
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I

Appendix 1

Flora of Pine Hill, El Dorado County, California. Determination of taxa in the flora comes from the

following sources: N = Newberry (1972), R = Stebbins and Smith (1960), S = Stebbins (1978), V = Van Ess

(unpublished plant list), and W = Wilson (this paper). Determination of native (N) or introduced (I) status of

plants found in the plot study is from Hickman (1993). Occurrence of listed plants on specific substrate (Rock) is

as follows: G = found on gabbro related and possibly other soils, NG = found on non-gabbro soils only, and —
= insufficient information, substrate unknown.

Native or

Family Taxon introduced Source Rock

/-i C C / f / iCit f l/j/r I \ 1 1 Lit r I I XAV^ix N WNS V 1

Aizoaceae Cypselea Inmiifusa Turp. V NG
Aizoaceae Alol/ugo vcrticillcitu L. V V J

A 1 1 Ctrl '^ta/Alibi 1 Id IclCCclC Alisiiici picmtcigo-ciciuciticci L. WV V J

Amaranthaceae Amarauthus califoruicus (Moq.) S.Watson V G
Anacardiaceae t? Ill i V f 1^ i 1/^^H t /I ^.TiitfIxflLiS llliOffCilU INULL. IN VV V IN K J

Anacardiaceae Toxicoclcjidyoj} ciivcrsi/ohuni (Torr. & A.CjFciy)

Grccnc
IN VV V 1N kj IN.

rz

/ApidCCciC ^1 1 1 1 It l^L Ito t tilt C til to iVl , 131CU

,

VN V J

Apiaceae Apiastriim angustifoliimi Nutt. vs G
Apiaceae Dqucus ccirotci L. 1 > W V

A ^M^^^'^^^^ p/A.|JlClWCClC WVN Q
A TM i1 r*F*5^ P T^i"\^n cri ]iiu T IV^ (^r^iilt ^ R \i^v i^'/il/'i1^1 \n^titf/l » t/L>C M J . IVl , V_ 111 L , LV. IV^^oC Veil. \ilttlLl/tLl Y NG

A T^l Q QP/^pidCCdC r Ui: 1 ILL UlLlt 1 1 vHlgtlfic IVllll. VXIV IN V J

A T^iiir'pcip/ApidV^CdC L^UI i ILl 1 1 III 1 1 1 1 iHL 1 ULUi ULil 1 1 ^iNLlLL. CA lUll. CV / \ . 1 dy /

T M Coiilt Rr Rose
WV V J

/\pid*^cdc L^UrUU 1 1 11/H 1 UCll glULl I HI 1 1 ^DCllLll.^ J . iVl . V_0 Ul L. Oc rvObC IN VV V kj

A T*iii^r*p^ip/ijJldCCdC T miinfiuin i itvi il^itmn ^NTiitt py Tr^rf A C^x'*^\i\±^Uf f iCi I ILlf f I It 1 1 It Itin I Lll f I y VXVV. CA X iJl 1 . OC / V. vJl ciy )

J .iVl . V_ (J Ull . Oc IvlJSC

N W^N V J

A T^inr*p?ip/A^Jld^CdC iSi 1 lUi 1 11 ^Ll L 1 lliL 1 iCiiLi 1 lUiJlv, OC /Alll. N W NG
A rM^ir*p?ip/A^ldCCdC P^vi/^^vi/']in crriiv^ltii^fri Sj Am ^ IV/f^ttiiQCA t: 1 ILit: 1 ILilLl ^ti t f Clf Icr I yllC/Clv. CV /Al 11 . ^ iVl d Lllld^i N WV V J

Apiaceae Pcvidsvidici hclloggii (A.Gray) Mathias V i N ( ,

Apiaceae Pcvidcvidici pcivishii (J.M.Coult. & Rose) A.Nelson &
J . 1 . iVl dC L?l .

V r;
V J

A rMiir*ptip/A-L^ldCCdC t^CirliLUiCi I ' lU It If ICl I it iLKJyjF^, Oc /Alll. XIRIN rv V I

A rMiir'ptip/AlJldCCdC V/'/i'? 7/^ J///'/ hii 11 ill 11 / 1 1 a i^i/t Tli^iirrlQC py I—^^~\/^L^isyuiitL uiu t/tpttii til 1 1/ tnii i_^DU^ids ca inuois.. IN VV VINO
A t^lCir'PQP/ApidCCdC Sciniciilci cvcissicciulis Poepp. ex DC. JN \\A/<vR f

•

V I

/A^pidCCdC Sciniculci tiibsvosci Torr. In W\/RVV V l\ ( ;V J

A rMsir'p^ip-rTL^JldV^CdC LjL(JttCtt,\ jyl::L I tft VCfttft IlI L^. T
1 VV V 1 N I\ riV J

A TM Q r'PQP/A^pidCCdC Tciuscliici J}civt\v€gii (A.Grray) J.F.lVlacbr. IN W V In o c
•

V J

Apiaceae Tovilis Grvcnsis (Huds.) Link T
1 W V / ;KJ

A T^mr'ptipA\lJidCCdC 1 ui iiici nuciijiu [ i-^- ) vjdci 111.
T
1 VV V rz

y J

Apiaceae YclhcG iiiicvocciypci (Hook. & Arn.) Koso-Pol. XTiN

/Apocyiidccdc Apocynu/71 ccinncihinuni L. XTIn w KiniNO
Apocynaceae Vuicci mcijor L. w I I

/Al IsHJKJCllldCCdC Avistolochici ccdifornicci Xorr. XI W V Tn o

Aristolochiaceae Asarimi hartwegii S.Watson N W NG
Asclepiadaceae Asclepicis covdifolici (Benth.) Jeps. XTIn W V oK. V J

Asclepiadaceae A sclepicis fcLsciculcivis Decne. W V 1

N

Asteraceae Achdlcci iitiUcjoliimi L. XTIn W V iN^K.
A CfPt*Q/^PdP Achyvcichcicnci tjio/lis Schauer W InK K I

Asteraceae Agoseris grandiflora (Nutt.) Greene N WV G
Asteraceae Agoseris heterophylla (Nutt.) Greene N WVNR G
Asteraceae Agoseris retrorsa (Benth.) Greene N WVR G
Asteraceae Ambrosia psilostachya DC. WVS G
Asteraceae Anaphalis margaritacea (L.) Benth. & Hook.f. N
Asteraceae Anthemis cotula L. WVN G
Asteraceae Artemisia doiiglasiana Besser N WVNS G
Asteraceae Aster chilensis Nees N WVN G
Asteraceae Aster radulinus A.Gray N WVR G
Asteraceae Baccharis pilularis DC. ssp. consauguiuea (DC.)

C.B.Wolf
N WVNS G

Asteraceae Balsamorhiza deltoidea Nutt. N WVNR G
Asteraceae Balsamorhiza macrolepis Sharp N
Asteraceae Bidensfrondosa L. V G
Asteraceae BrickeUia californica (Torr. & A.Gray) A.Gray VNS G
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Native or

Family Taxon introduced Source Rock

Asteraceae Ccilycadenia multigkmdulosa DC. N WVNR G
Asteraceae Calycadenia tnmcata DC. N WVN NG
Asteraceae Carduus pycnocephalus L. I wv G
Asteraceae Ceutawea nieliteusis L. I wv G
Asteraceae Centaurea solstiticdis L. I WVNSR G
Asteraceae Chaenactis glabriuscida DC. N WVN NG
Asteraceae ChamomiJki suaveolens (Pursh) Rydb. WVNSR G
Asteraceae Chondrillajuncea L. I WV G
Asteraceae Cichoriiim intybus L. WN G
Asteraceae Cirsiimi andersonii (A.Gray) Petr. R G
Asteraceae Cirsium occidentcde (Nutt.) Jeps. var. californicum

(A.Gray) Keil & C.Turner
N WVNS G

Asteraceae Cirsium occidentcde (Nutt.) Jeps. var. occidentcde V NG
Asteraceae Cirsium vulgare (Savi) Ten. VNSR G
Asteraceae Conyza canadensis (L.) Cronquist VS G
Asteraceae Ericameria arborescens (A.Gray) Greene N WVNR G
Asteraceae ErigeronfoUosus Nutt. VNSR G
Asteraceae Erigeron inornatus (A.Gray) A.Gray W G
Asteraceae Erigeron pJiiladelphicus L. V G
Asteraceae Eriophylhim lanatum (Pursh) Forbes var. grandiflorum

(A.Gray) Jeps.

N WVNS G

Asteraceae Filago californica Nutt. N wvs G
Asteraceae Filago gaUica L. I WVSR G
Asteraceae Gnaphalium californicum DC. N WVS G
Asteraceae Gnaphalium canescens DC. ssp. heneolens (Davidson)

Stebbins & Keil

V G

Asteraceae Gnaphalium canescens DC. ssp. microcephcdum (Nutt.)

btebbins & Keil

WV G

Asteraceae Gnaphalium luteoalbum L. VS G
Asteraceae Gnaphalium palustre Nutt. N wv G
Asteraceae Gnaphalium purpureum L. N wv G
Asteraceae Grindelia camporum Greene N WVNR G
Asteraceae Grindelia procera Greene N W G
Asteraceae Helenium puberuluni DC. W G
Asteraceae Helianthus californicus DC. var. nevadensis (Greene)

Jeps.

VSR G

Asteraceae Helianthus annuus L. ssp. lenticularis (Douglas ex

Lindl.) Cockerell

N —
Asteraceae Helianthus californicus DC. VNS G
Asteraceae Hemizonia fitchii A.Gray N WVN G
Asteraceae Hesperevax acaulis (Kellogg) Greene N WV G
Asteraceae Hesperevax sparsiflora (A.Gray) Greene s G
Asteraceae Heterotheca grandiflora Nutt. VNS G
Asteraceae Holocarpha virgata (A.Gray) D.D.Keck N WVN G
Asteraceae Holozonia filipes (Hook. & Arn.) Greene V G
Asteraceae Hypochaeris glabra L. I WVSR G
Asteraceae Hypochaeris radicata L. I W G
Asteraceae Lactuca saligna L. V G
Asteraceae Lactuca serriola L. I WVNS G
Asteraceae Lagophylla glandulosa A.Gray WV G
Asteraceae Lagophylla ramosissima Nutt. N V G
Asteraceae Lasthenia californica DC. ex Lindl. N WVN G
Asteraceae Layiafi'cmontii (Torr. & A.Gray) A.Gray VN NG
Asteraceae Layia pentachaeta A.Gray N
Asteraceae Leontodon taraxacoides (Vill.) Merat V G
Asteraceae Lessingia leptoclada A.Gray V NG
Asteraceae Lessingia nemaclada Greene V G
Asteraceae Lessingia virgata A.Gray V NG
Asteraceae Madia elegans D.Don ex Lindl. N WVNSR G
Asteraceae Madia elegans D.Don ex Lindl. ssp. densifolia (Greene)

D.D.Keck
V G

Asteraceae Madia elegans D. Don ex Lindl. ssp. vernalis D.D.Keck V G
Asteraceae Madia exigua (Sm.) A.Gray N VW G
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Native or

Family Taxon introduced Source Rock

Asteraceae IVlClcUu CIC ills \ lMII. ; LJ.LJ. IVcCK Oc J IdUSCll CA

/AppiCgd IC

IS] vwV VV V J

Asteraceae A/f/1/ii/t in iniin/^t ( A fTf^JX/^ Ti li It ppl/'IVIUCIIH inUliniU \r\.\Ji<Xy) L/. IVCClv R V J

/\sicraceae A/f/i/'ii/'i V/ittiiii 1 1 ixfppnpIVIUCIIU f Uf/l/fiil \JICC11C N
A/fririi/i i.^uhi^'fti/'/t t/i 1^ ppVIVlCiCtlti LiUCSI/ IL LI I LI L/.L-Z-rvCCK Y V J

A/fir'vnnij V r'rili{nviii/'UK F^wph A TVIpvJ rJ / C A kJ L/Li-iJ LLtltJL/ffliLltiJ 1 loV^ll. OC V_ . / A . 1 V I ^ V • N WVNSR Q
Asteraceae Microscvis ocwiiiiiutG GrGGnc V f

,

Asteraceae Microseris sylvatica (Benth.) A.Gray V G
/-*/7/^Z'/^r// ///I rf^(^rpptTP^ W/ A \A/popr ^^tirl A T ovpJT CiL rKt / Li ILi \ r iL Lie \ VJ 1 CCI IC ^ VV . rA. V V CL^CI d llCl / v . V C N WVR (3

Joe LtLlUULif I ILi f ILL: t r r ILlr LH 1 1 \ J_-/ Lil dllLJ ^ IX y \J L/. N wv V J

AstcrHCC3^c PsiloccivpJiiis bi'cvissiiJius Nutt. VV
J iS I lUL Li I Ut lii^S it-flcliLio i^LlLL. VV o NG
ix /~t T J Ji v/iJ J 1/1 /'/i iJ / /'// ^vl liftJ\Li/ IflL ^LjHlLA LLiilJ L/f rllCLt INLILL. Y V J

JXl^lUpLippLiS ILfpLULlLlLiLiiS A\.vJl dy iM wvVV V V J

Astcrcicc3.c Scuccio cu'oiiicoidcs DC KTIN W V IV f ;

kJCflCL ItJ 1 ILIL L I LiUS L^Cbo. Vdl , LtLHt^iLlS ii \ L^K^ , ) D.L. 1 LllllCI

Oc 1 . iVl . J3dl ivicy

V J> V J

LCI dUCdC Ljt.ilLLlL/ \ lil^Lir li3 L^. T
1 WVNSRVV V 1 > orv V J

A Q.ff^vi^r^p'Cif^ \ki I'MrM Jill in VI /'It'll iin (\ \ 1 TCiPftti0// \ ULirti ttlLli ILit lL4.f f 1 J_^. ^ vJdCl Lll.
T1 WVN riV J

A <itpra P ^nli/i/^ioTi r'/iiiinviii/^n ^IiittkJL/ 1 ItlLi iL^y L Li t I / Lf f f 1 1 L. Li i > LI I I

.

VNSR
A <itpr^i r*p^ip Sinli/lno'/i rnimrlf^ii^i^ T /^l/uicrntrj ^7\Iiitt ^ T^ T^ T^ppVLJKy I ILiLle^iy L Lif ILtLiC f l^j i ij J—/. ooL'. \. 1 IclLI I Li yi^\Ji\.\.,f 1 . . I X.^ V_. iV W
A CtPTCl r*PQ X

/

1 /i/'i CT/~\ /^/^/^ i/1/>T1 f/til ^ lifti^UliLiU^O (JLL ILiLfUlLillS IXLiLL. VV V J

A <itprJ1 PP^I P kjiy 1 1 VL4. ijCL>L>ittij ivuiz_i oc X Cl V . wv Q
A ^tprji ppil p Sinjirhij^ /i^rif^v ^T ^ Mill I WVNSR Q
A CtPTQPPClP \!/'^i'i /~'li 1 J ^ /^ i/yi'/'t/'/^i J TLjCJflCfiLtS (Jit: t Lit t: US L^. V<s r:V J

A ctprtippfip X //^/lAl/'l? f c It/:* f/^t'/~i /''/'/ I'll/ 1 / ^Jll1"f \ Tt^ T rl Q tn r^f=*fC^ILfUUltlSUStif IS f ici t:t (JCLifpLi V^^LILI./ rv.l^.\^ lldlllLJCl IN WV<sRVV V OIN. V J

StcphcuiOfJicvici virgcitci Bcnth. V ( ;KJ

Sty^locliuc filcigincci (A.Gray) A.Gray XTIN W V ( :

LCI dCCdC Stylocli?i€ gfiGphcilioidcs N^utt. Ww (

\

V J

A Qfpriipp^ip I /IV /^i \'/~t /'IJin /^TTi/^in/i //^ T^ W/ifTO'
J. Li-f Ll^KLlL Lit f i Lff 1 IL it ILl IL L .11. VV 1^^. wVV

A Qtpr^ippiip / VflCX/^ fi/^ CT/^ll /ilJrMlJK: ^>^CCW\X 1 (A^UptJ^Utl LiULJlUyS l3V^L/IJ. wVV V J

A "stpr^i pp;^p T'v/i OTiTino'/iii nv/j t/^Ti TJ f Ll^L/ L/kJ £lL7 f I L/ f LilCrliX^ . Y G
A <itpr^i pp^ip lA/^7/yfh in niicnjvtifr\lin (Y^C^ \ TsJiittVV yt^lfULi Lifl^LiuS I iJ Ui ILi ^ J_-/v_ . y iXLJ^LL. N WVRVV V IN. V J

Asteraceae Wyethia hokmderi (A.Gray) W.A.Weber N WVSR G
VV yLlfULi fiiz it f UiJ iLtL iS \L^\^,) INLILL. VN V J

W^^j/^thi/i v/^tiful/I t/I C^vp^f^wf^VV yLzlHlLl / t: I It UlLi I Li VJICCLIC N WVR V J

Asteraceae XcuitliiiiJii sti'iiJiicirimii L WN G
RprhpriH appap T^/>vh/>vi^ /'i/iuii/^liijin T^iircV* \/tir /li/^fA'>/^tri Tpt^c ^ Tpr^cUt: 1 LJt: 1 /o LiLjU I / (./i i Uf / 1 JTLiloLl Vdl. LUC I \ (J ILi \J\Zlj^.f J C IJo

.

N WVIVRVV V 1 > rv V J

Betulaceae Almis rhouihijolia Nutt. N WVNS G
Rlpp nn ;^ pp^^ p Vi/^/^/i/iMy/'iv/ii/^i T iPTi riv i/^i t /'J xlmVV UL/LiW Li 1 (aKA JirrlUflLilLi Olll. wvVV V V I

Boraginaceae Amsinckia menziesii (Lehm.) A.Nelson & J.F.Macbr. N WVSR G
Rora crin^ppap /im V in /''L" J /~i m ^ 1 /s> V 1 1 (\ ^^rrm ^ A ^vTplc^^n Mr T T-^ \/if3r»rM''/^t f ICS it iL t\ ILi rUctl^ iLzS i 1 \ J-^Clllll . } / \ .IMCIIjL/II Oc J , 1 , iVldC Ul .

\/iit~ in t/^vm/^/ii/I F^i CP n A I\/lp\/ ^ i^c\Y^i~\f^v^Vdl. i/l I i:f rnt LiiLi \i loCll. Oc . /A. IVl Cy . ^ vJdllLlCl l!»

WVNRVV V 1 N In. V J

Bora trmappap V^''llt/111 t ll/l 1 1/ 1 /' /'^l /I/ 1 ^TlOllfrll^C PY T PrlTIT ^ \ ^Vf^f^X\f^\^ 1 \ j/ 1 Lll t i t ILi 1 iLiL L ILiLi y L^KJ Libido CA _L,C11111 . ) VJ 1 CCllC VV xo
Rrvra crinappup 1 v\''tit/in f li/i 111 t/Jvm/>/ii/I ( A ixt*Q\/^ iiri*pp'MPV. r vJ/lLUllULl I / i i t 1 f f IL LI ILi \rA..\JiCiy} vJ 1 CCliC "NT VV V J

Bora CJinappap vy''fit/^in tli/^i m i/'v/iii f Ii/i C^Vt^rr \ T \A T/^nctf \ j^i Lin 1 1 ILI n I iL 1 LiU I nci y i yji v . } i, ivj , j vjlij> l .
WVV V I

Boraginaceae Cryptcmlha muricata (Hook. & Arn.) A.Nelson &
T P IVIapKrJ . 1 . iVl dC Ul .

N w NG

Rora CTinappap f v^^ fit /^iii f li/i ini tvi/^/i t /'t ^ 1—1 Ji.7 A t*n ^ A ^vlplc/^n Jiry^r \JJlUHtHU IHHf ICUIU ^ri(JUJV. OL r\lll.} /A.IMCIsOII Oc

J.F.Macbr. var. deuticulata (Greene) I.M.Johnst.

VV V J

Rora (Tin appa p 1 /^i<y 1 V vutn <yv/'in/ii^ TlOTi(Tlac pv T prim^ \ 1 lUii^lU:s,>HH I i^l LltUlt L/tJUgldS CA LCIUII. VV V 1 > IN.

Rora CTinappap l\/f v/^t i V /Vj'c/^'y > //'I I* T^*=*i~ciViyUjUll^t tll^LCflOl 1 Cl S. W In

Rora (Tin appap jT cL lULUi y LI pilS 11 1 LI \ r\ . VJ\_ . ) r\..KJl (xy VPV rs. V J

Boraginaceae PlcigiohotJivys ccuiesccns Benth. V
Boraginaceae Plagiohothrys fulvus (Hook. & Arn.) I.M.Johnst. var.

cLunpestris (Greene) I.M.Johnst.

N V G

Boraginaceae Plagiohothrys nothofuhus (A.Gray) A.Gray N WVNSR G
Boraginaceae Pkigiohothrys stipitatiis (Greene) I.M.Johnst. var.

micranthus (Piper) I.M.Johnst.

V G

Boraginaceae Pkigiohothrys teneUus (Nutt. ex Hook.) A.Gray N W G
Brassicaceae Arabidopsis thahcma (L.) Heynh. I WV G
Brassicaceae Arabis sparsifhra Nutt. W NG
Brassicaceae A thysanus pusiUus ( Hook

.
) Greene V G
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Brassicaceae Barbarea verna (Mill.) Asch. I WVG G
Brassicaceae Brassica rapa L. WVNG G
Brassicaceae Capsella bursa-pasturis (L.) Medik. I WVNR G
Brassicaceae Cardainine oligosperiua Nutt. N WVNS G
Brassicaceae Draba verna L. wv G
Brassicaceae Erysinmni capita tiini (Douglas ex Hook.) Greene vs G
Brassicaceae Hirshfeldia iucaua (L.) Lagr.-Foss. I WVSR G
Brassicaceae Lepidiuju uitidwii Nutt. N wv G
Brassicaceae Lepidiiun oblongwn Small V G
Brassicaceae Lepidium strictwn (S.Watson) Rattan s G
Brassicaceae Raphauus rapJumistrimi L. WN NG
Brassicaceae Raplumus sativus L. I WN G
Brassicaceae Rorippa curvisiliqua (Hook.) Besser ex Britton wvs G
Brassicaceae Rorippa nasturtiuni-aquaticimi (L.) Hayek WVN S G
Brassicaceae Rorippa palustris (L.) Besser var. occidentalis

(S.Watson) Rollins

w NG

Brassicaceae Sisynibriimi altissinnmi L. V G
Brassicaceae Sisyjjibriwn irio L. N —
Brassicaceae Streptauthus polygaloides A.Gray N WVN G
Brassicaceae Thysanocarpiis curvipes Hook. N WVNS G
Brassicaceae TJiysanocarpus curvipes Hook. var. elegaus (Fisch. &

C.A.Mey.) B.Rob.
WV NG

Brassicaceae TJiysanocarpus radians Benth. N W G
Brassicaceae Tropidocarpuni gracile Hook. N WV G
Callitrichaceae Callitriche verna L. V G
Campanulaceae Githopsis pulchella Vatke N WVR G
Campanulaceae Githopsis specukirioides Nutt. N WVNR G
Campanulaceae Heterocodon rar ifJorum Nutt. N WV G
Campanulaceae Triodanis bifJora (Ruiz & Pav.) Greene V G
Caprifoliaceae Lonicera hispiduJa (Lindl.) Douglas ex Torr. & A.Gray

var. vaciJJans A.Gray
N WN G

Caprifoliaceae Lonicera interrupta Benth. N WVNS G
Caprifoliaceae Sanibucus mexicana C.Presl ex DC. WVN G
Caprifoliaceae SympJwricarpos aJbus (L.) S.F.Blake var. Jaevigatus

(Fernald) S.F.Blake

N WVNR G

Caprifoliaceae SympJioricarpos nioJJis Nutt. N WV G
Caprifoliaceae Virburnwn eJJipticuni Hook. N W NG
Caryophyllaceae Cerastium gJonieratwn Thuill. I WVSMR G
Caryophyllaceae LycJinis coromnia (L.) Desr. S G
Caryophyllaceae Mimiartia caJifornica (A.Gray) Mattf. N WV G
Caryophyllaceae Minuartia dougJasii (Fenzl ex Torr. & A.Gray) Mattf. N wv G
Caryophyllaceae PetrorJuigia dubia (Raf.) G.Lopez & Romo N WVNSR G
Caryophyllaceae Sagina apetaJa L. var. barJiata Fenzl. W NG
Caryophyllaceae Saponaria officinaJis L. VNS G
Caryophyllaceae ScJerantJuis animus L. WVSR G
Caryophyllaceae SiJene antirrJiina L. N WV G
Caryophyllaceae SiJene caJifornica Durand N WN NG
Caryophyllaceae SiJene gaJJica L. I WVNSR G
Caryophyllaceae SperguJa arvensis L. WV G
Caryophyllaceae SperguJa rubra (L.) J.Presl & C.Presl V G
Caryophyllaceae SteJJaria media (L.) Vill. I WVNS G
Caryophyllaceae SteJJaria nitens Nutt. s G
Caryophyllaceae VeJezia rigida L. V G
Chenopodiaceae CJienopodium ambrosioides L. w G
Cistaceae MeJiantJicmum scoparium Nutt. N WVR G
Cistaceae HeJiantJicmum suffrutescens Schreib. VS G
Convolvulaceae CaJystegia occidcntaJis (A.Gray) Brummitt VNSR G
Convolvulaceae CaJystegia purpurata (Greene) Brummitt ssp. saxicoJa

(Eastw.) Brummitt
N W G

Convolvulaceae CaJystegia steJibinsii Brummitt N WVR G
Convulvulaceae ConvoJvuJus arvensis L. WVNR G
Cornaceae Cornus gJabrata Benth. N WVN G
Crassulaceae CrassuJa connata (Ruiz & Pav.) A.Berger N ws G
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Crassulaceae Crassula tillaea Lester-Garland N wvs G
CrassLilaceae Dudleya cyniosa (Lem.) Britton & Rose N WVNS G
Crassulaceae Parviseduni congdonii (E'dstw.) R.T.Clausen V NG
Crassulaceae Parvisediuu pinuiliuu (Benth.) R.T.Clausen N
Crassulaceae Scduui spcit/in/ifb/iuni Hook. N
Cucurbitaceae Marah fahaccus (Naudin) Naudin ex Greene var.

agrestis (Greene) Stocking

N WVN G

Cucurbitaceae Marah u afsonii (Cogn.) Greene N
Cupressaceae Calocedrus decurreus (Torr.) Florin WVNS G
Cuscutaceae Cuscuta califovnica Hook. & Arn. N wv G
Cuscutaceae Cuscuta califoniica Hook. & Arn. var. hreviflora

Engelm.
V G

Cyperaceae Carex athrostacJiya Olney V G
Cyperaceae Carex barharae Dewey v G
Cyperaceae Carex brainerdii Mack. N WVR G
Cyperaceae Carex densa (L.H.Bailey) L.H.Bailey V G
Cyperaceae Carex dudleyi Mack. Y G
Cyperaceae Carex gracilior Mack. V G
Cyperaceae Carex nebrascensis Dewey s G
Cyperaceae Carex midata W.Boott s G
Cyperaceae Carex praegracilis W.Boott V NG
Cyperaceae Carex rossii Boott R G
Cyperaceae Carex seuta Boott V G
Cyperaceae Carex subbracteata Mack. V NG
Cyperaceae Cyperus eragrostis Lam. VS G
Cyperaceae Cyperiis rotundas L. V G
Cyperaceae Cyperus squarrosus L. V NG
Cyperaceae Eleocharis acicularis (L.) Roem. & Schult. V NG
Cyperaceae Eleocharis pachycarpa Desv. V G
Cyperaceae Lipocarpha imcrantha (Vahl.) G.Tucker var. minor

(Schrad.) Friedl.

V NG

Cyperaceae Scirpus acutus Muhl. ex Bigelow var. occiden talis

(S.Watson) Beetle

WN G

Datiscaceae Datisca g/onierata (C.Presl) Baill. VS G
Dipsacaceae Dipsacusfu/lonwn L. N
Dryopteridaceae Dryopteris arguta (Kaulf.) Watt N WVN G
Equisetaceae Equisetum arvense L. WVS G
Equisetaceae Equisetum liyemale L. ssp. affine (Engelm.) A.A.Eaton S G
Equisetaceae Equisetum laevigatum A.Braun na na
Ericaceae Arbutus menziesii Pursh N WN NG
Ericaceae Arctostaphylos manzanita Parry N
Ericaceae Arctostaphylos viscida Parry N WVNSR G
Ericaceae Rhododendron occiden ta/e (Torr. & A.Gray) A.Gray WVS G
Euphorbiaceae Chamaesyce maculata (L.) Small NV G
Euphorbiaceae Chamaesyce ocel/ata (Durand & Hilg.) Small V NG
Euphorbiaceae Chamaesyce serpyUifoUa (Pers.) Small V G
Euphorbiaceae Eremocarpus setigerus (Hook.) Benth. N WVN G
Euphorbiaceae EupJiorbia crenulata Engelm. NSR G
Euphorbiaceae Euphorbia spathu/ata Lam. N WV G
Fabaceae Astragalus gambe/ianus Sheldon N WVS G
Fabaceae Cercis accidentaUs Torr. ex A.Gray N WVNSR G
Fabaceae Cytisus scoparius (L.) Link WVNS G
Fabaceae Hoita macrostachya (DC.) Rydb. VS G
Fabaceae Hoita orbicularis (Lindl.) Rydb. V G
Fabaceae Lathvrus jepsonii Greene var. caUfornicus (S.Watson)

C.L.Hitchc.

N wv G

Fabaceae Lathyrus latifohus L. N
Fabaceae Lathyrus nevadensis S.Watson N WVN G
Fabaceae Lathyrus sulphureus W.H. Brewer ex A.Gray N WVNSR G
Fabaceae Lotus grandiflorus (Benth.) Greene N WVNS G
Fabaceae Lotus humistratus Greene N WVSR G
Fabaceae Lotus micranthus Benth. N WVSR G
Fabaceae Lotus purshianus (Benth.) Clem. & E.G.Clem. N WVNSR G
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Fabaceae Lotus scoparius (Nutt.) Ottley N WVNS G
Fabaceae Lotus wraugelianus Fisch. & C.A.Mey. WR G
Fabaceae Lupinus albifrous Benth. N WVNSR G
Fabaceae Lupiuus hentlicinn'i A. Heller VNS G
Fabaceae Lupinus hicolor Lindl. N WVNSR G
Fabaceae Lupiuus hicolor Lindl. ssp. microphyllus (S.Watson)

D.Dunn
V G

Fabaceae Lupiuus hicolor Lindl. ssp. pipersmithii (A. Heller)

D.Dunn
V G

Fabaceae Lupiuus Uitifolius Lindl. ex J.Agardh N R G
Fabaceae Lupiuus Uitifolius Lindl. ex J.Agardh var. columhianus

(A.Heller) C.P.Sm.
WVN G

Fabaceae Lupinus microcarpus Sims var. densijlorus (Benth.)

Jeps.

wv G

Fabaceae Lupinus microcarpus Sims VN G
Fabaceae Lupinus nanus Douglas ex Benth. N WVRS G
Fabaceae Lupinus polyphyllus Lindl. R G
Fabaceae Medicago polyniorpha L. I WVR G
Fabaceae Melilotus indica (L.) All. WVN G
Fabaceae Melilotus officinalis (L.) Lam. WVNS G
Fabaceae Pickeringia montana Nutt. VN G
Fabaceae Rohinea pseudoacacia L. N —
Fabaceae Rupertia physoides (Douglas ex Hook.) Grimes W G
Fabaceae Trifolium alhopurpurewn Torr. & A.Gray V G
Fabaceae Trifolium alhopurpurewn Torr. & A.Gray var.

olivaceum (Greene) Isely

V NG

Fabaceae Trifolium harhigerum Torr. V NG
Fabaceae Trifolium hifidum A.Gray var. decipiens Greene N WVR G
Fabaceae Trifolium hifidum A.Gray V G
Fabaceae Trifolium ciliolatum Benth. N WVR G
Fabaceae Trifolium depauperatum Desv. N WV G
Fabaceae Trifolium dubium Sibth. I WVSR G
Fabaceae Trifolium glomeratum L. V G
Fabaceae Trifolium gracilentum Torr. & A.Gray V G
Fabaceae Trifolium hirtum All. S G
Fabaceae Trifolium iucarnatum L. VN G
Fabaceae Trifolium microcephalum Pursh N WVSR G
Fabaceae Trifolium microdon Hook. & Arn. N W G
Fabaceae Trifolium pratense L. I WVN G
Fabaceae Trifolium suhterraneum L. I WV G
Fabaceae Trifolium variegatum Nutt. wv G
Fabaceae Trifolium wildenovii Spreng. N WVSR G
Fabaceae Vicia americana Muhl. ex Willd. WVR G
Fabaceae Vicia henghalensis L. V G
Fabaceae Vicia hirsuta (L.) Gray I W NG
Fabaceae Vicia sativa L. I WVN G
Fabaceae Vicia sativa L. ssp. nigra (L.) Ehrh. I WVNSR G
Fabaceae Vicia villosa Roth I G
Fabaceae Vicia villosa Roth ssp. varia (Host) Corb. I WV G
Fagaceae Quercus chrysolepis Liebm. N WNS G
Fagaceae Quercus douglasii Hook. & Arn. N WVNSR G
Fagaceae Quercus dumosa Nutt. N WVNSR G
Fagaceae Quercus durata Jeps. N WVNSR G
Fagaceae Quercus kelloggii Newberry N WVNK G
Fagaceae Quercus lohata Nee N WVNR G
Fagaceae Quercus wislizenii A.DC. N WVNSR G
Fagaceae Quercus X moreha Kellogg N
Garryaceae Garrya congdonii Eastw. N WVN G
Garryaceae Garryafremontii Torr. N
Gentinaceae Centaurium muehlenhergii (Griseb.) W.Wight ex Piper N wvs G
Gentinaceae Centuarium venustum (A.Gray) Rob V G
Gentinaceae Swertia alhicaulis (Douglas ex Griseb.) Kuntze var. N WVR G

nitida (Benth.) Jeps.
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Geraniaceae Erodiiim botrys (Cav.) Bertol. WVSR G
Geraniaceae Erodium hrachycarpuni (Godr.) Thell. I WVNS G
Geraniaceae Erodium cicutarium (L.) L'Her. ex Alton I WVNSR G
Geraniaceae Erodium moschatum (L.) L'Her. ex Aiton I WV G
Geraniaceae Geranium carolinicmum L. VN G
Geraniaceae Geranium dissectum L. I WVS G
Geraniaceae Geranium mo/le L. I WVSR G
Hippocastanaceae Aescuhis califarnica (Spach) Nutt. N VA^SR G
Hydrophyllaceae Emmenanthe pendu/iflora Benth. N WVR G
Hydrophyllaceae Eriodictyon californicum (Hook. & Arn.) Torr. N WVNSR G
Hydrophyllaceae Nemophila hcterophylla Fisch. & C.A.Mey. N WVNS G
Hydrophyllaceae Nemophila maculata Benth. ex Lindl. VN G
Hydrophyllaceae Nemophila menziesii Hook. & Arn. VN G
Hydrophyllaceae Phacelia cicutaria Greene NS G
Hydrophyllaceae Phacelia imhricata Greene vs G
Hypericaceae Hypericum concinnum Benth. N WVSR G
Hypericaceae Hypericum mutilum L. N
Hypericaceae Hypericum perforatum L. I WVNS G
Iridaceae Iris hartwegii Baker NR G
Iridaceae Iris macrosiphon Torr. N WVNSR G
Iridaceae Sisyrinchium bellum S.Watson N WVNR G
Juglandaceae Juglans ca/ifornica S.Watson var. Jiindsii Jeps. WVN G
Juncaceae Juncus balticus Willd. V G
Juncaceae Juncus bufonius L. N WVS G
Juncaceae Juncus effusus L. var. pacificus Fernald & Wiegand V G
Juncaceae Juncus nevadensis S.Watson V G
Juncaceae Juncus oxymeris Engelm. V G
Juncaceae Juncus tenuis Willd. V G
Juncaceae Luzula comosa E.Mey. N WVSR G
Lamiaceae Lamium amplexicaide L. I WR G
Lamiaceae Lamium purpureum L. I W NG
Lamiaceae Lepechinia ccdycina (Benth.) Epling ex Munz N WVNR G
Lamiaceae Lycopus americanus Muhl ex W.Bartram V G
Lamiaceae Marrubium vulgare L. WVN G
Lamiaceae Mentha aquatica L. V G
Lamiaceae Mentha arvensis L. var. vi/losa (Benth.) S.R.Stewart V G
Lamiaceae Mentha piperita L. V G
Lamiaceae Mentha pulegium L. w G
Lamiaceae Mentha spicata L. vs G
Lamiaceae Monardella villosa Benth. ssp. vil/osa N WVN G
Lamiaceae Monardella viridis Jeps. s G
Lamiaceae Pogogvne serpvUoides (Torr.) A.Gray V G
Lamiaceae Prunella vulgaris L. var. lanceolata (W.Bartram)

Fernald

WV G

Lamiaceae Pycnanthemwn californicum Torr. V G
Lamiaceae Salvia sonomensis Greene N WVNSR G
Lamiaceae Satureja douglasii (Benth.) Briq. R G
Lamiaceae Scutellaria californica A.Gray N WV G
Lamiaceae Scutellaria siphocampyloides Vatke N
Lamiaceae Scutellaria tuherosa Benth. N WVN G
Lamiaceae Stachys stricta Greene VN G
Lamiaceae Trichostema lanceolatum Benth. VN G
Lauraceae Umhellularia californica (Hook. & Arn.) Nutt. N WVS G
Liliaceae Allium liyalinum Curran N
Liliaceae Allium peninsulare Lemmon ex Greene N WVSR G
Liliaceae Allium sanbornii Alph.Wood V G
Liliaceae Allium serra McNeal & Ownbey N
Liliaceae Bloomeria crocea (Torr.) Coville N
Liliaceae Brodiaea elegans Hoover N WVN G
Liliaceae Brodiaea purdyi Eastw. V G
Liliaceae Calochortus albus Douglas ex Benth. N WVNSR G
Liliaceae Calochortus luteus Douglas ex Lindl. VNR G
Liliaceae Calochortus monophyllus (Lindl.) Lem. N WVR G
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Liliaceae CalocJiortus siipcrhus Purdy ex J.T.Howell WV G
Liliaceae Calochovtus veuustus Douglas ex Benth. N
Liliaceae Chlorogahuji angnstifo/iu/n Kellogg N —
Liliaceae Chlorogahmi grcmdifloruin Hoover N WV G
Liliaceae Clilorogahini pomeridiammi (DC.) Kunth N WVNSR G
Liliaceae Dichelostemuui capitatimi Alph. Wood N WVNSR G
Liliaceae DicJielosteiuuui cougcstum (Sm.) Kunth N WVR G
Liliaceae Dic/ielostemnui midtilflonmi (Benth.) A. Heller N WVNR G
Liliaceae Dic/ie/oxteninia volubile (Kellogg) A. Heller N WVNSR G
Liliaceae Erythroniimi inultiscapoidewu (Kellogg) A.Nelson &

P.B.Kenn.
N WVN G

Liliaceae Fritillaria niicrant/ia A. Heller N WVNSR G
Liliaceae Liliimi hwiiholdtii Roezl & Leichtlin ex Duch. V G
Liliaceae Liliinn pardalinuni Kellogg wvs G
Liliaceae Odontostonnnu Iiartwegii Torr. N WN NG
Liliaceae Trilliimi cJdoropetcdimi (Torr.) Howell N w NG
Liliaceae Tn'te/eia hridgesii (S.Watson) Greene V G
Liliaceae Triteleia liyaciuthina (Lindl.) Greene N WVNR G
Liliaceae Tn'te/eia ixioides (S.Watson) Greene N WVNR G
Liliaceae Triteleia /.v/o/V/f^ (S.Watson) Greene ssp. scahra Greene V G
Liliaceae Triteleia laxa Benth. N WVNR G
Liliaceae Zigadeuus veueiiosiis S.Watson N WVN G
Limnanthaceae Lminautlies alba Benth. N WN G
Limnanthaceae Luiiuautlies douglasu R.Br. var. rosea (Hartw. ex

Benth.) C.T.Mason
V G

Limnanthaceae Lininantlies striata Jeps. VN NG
Linaceae Hesperolinon luicraudiwn (A.Gray) Small N WVR G
Linaceae Linum bienue Mill. V G
Linaceae Linum usitatissimuni L. I WV G
Loasaceae Mentzelia laevieaulis (Douglas ex Hook.) Torr. &

A.Gray
N —

Lythraceae Lytlirwn hyssopifolia L. VN G
Lythraceae Rotala ramosior ( L.) Koehne V NG
Malvaceae Sidalcea calycosa M.E.Jones V G
Malvaceae Sidalcea hartwegii A.Gray N WVN G
Malvaceae Sidalcea ma/vaefJora (Sesse & Mocino ex DC.) A.Gray

ex Benth. ssp. aspreila (Greene) C.L.Hitchc.

N WV G

Marsileaceae Marsilea vestita Hook. & Grev. V NG
Oleaceae Fraxinus dipetala Hook. & Arn. V G
Oleaceae Fraxinus latifolia Benth. N WVNS G
Onagraceae Camissonia niicrant/ia (Hornem. ex Spreng.)

P. H. Raven
N WV G

Onagraceae ^ 1 / / • I'll / J\A'VT1 OT 1
—

' AT 1

Clarkia biloba (Durand.) A.Nelson & J.F.Macbr. N WVN G
Onagraceae Clarkia gracilis (Piper) A.Nelson & J.F.Macbr. V G
Onagraceae Clarkia purpurea (Curtis) A.Nelson & J.F.Macbr. N V G
Onagraceae Ckn-kia purpurea (Curtis) A.Nelson & J.F.Macbr. ssp.

c/uadrivulnera (Douglas ex Lindl.) F.H. Lewis &
M.E. Lewis

WVN G

Onagraceae C larkia rhoniboidea Douglas ex Hook. VN G
Onagraceae Clarkia unguiculata Lindl. NR G
Onagraceae tpilobiuni bracnycarpuni C.Presl N WVNS G
Onagraceae Epdobmin caiiuni (Greene) P. H. Raven ssp. latifolia

(Hook.) P. H. Raven
VNS G

Onagraceae Epilobium ciliatwn Raf. WV G
Onagraceae Epilobium cleistogania (Curran) P.Hoch & P. H.Raven N w G
Onagraceae Epilobium deusifloruni (Lindl.) Hoch. & P. H. Raven V G
Onagraceae Epilobium niinutum Lindl. ex Lehm. N wvs G
Onagraceae Epilobium torreyi (S.Watson) Hoch. & P.H.Raven V G
Onagraceae Ludu'igia peploides (Kunth) P. H.Raven N
Orchidaceae Epipactis gigaiitea Douglas ex Hook. WV G
Orchidaceae Piperia elegcms (Lindl.) Rydb. N WV G
Orchidaceae Piperia unalascensis (Spreng.) Rydb. SR G
Orchidaceae Spiral!thes porrifolia Lindl. V NG



2009] WILSON ET AL.: BIODIVERSITY OF PINE HILL

Appendix i. Continued.

273

Native or

Family Taxon introduced Source Rock

Orobanchaceae Orohcniclie hii/ho.sci (A.Gray) G.Beck N WVR G
Orobanchaceae Orohuiichc fuscicuhttci Nutt. R G
Orobanchaceae Orohunclic uiiiflovii L. N WR G
Orobanchaceae Ovobauchc uiiiflovn L. var. salii (Suksd.) Achey V NG
Papaveraceae Eschscliolzia cacspitosa Benth. N WVNS G
Papaveraceae Esclischohia califoruica Cham. VNR G
Papaveraceae Esclischolzia lohhii Greene N WVN G
Papaveraceae Meconclhi ccilifovuicci Torr. VN G
Papaveraceae Platvstemon ca/ifbrnicus Benth. WVN NG
Pinaceae Piuus pouderosci C.Lawson N WVNSR G
Pinaceae Finns scihiiiiaiui Douglas ex Douglas N WVNSR G
Pinaceae Psendotsuga nienzicsii (Mirb.) Franco var. inenziesii WNS G
Plantaginaceae PJcintcigo efee til Morris N WVNSR G
Plantaginaceae Pknitcigo kniceohitii L. WVNSR G
Plantaginaceae Pkiutu^o lucijor L. VN G
Poaceae Aclmatherinn knniiiouii ( Vasey) Barkworth N WVSR G
Poaceae Aegilops triimcicdis L. WVR G
Poaceae Agrostis excircitci Trin. V G
Poaceae Aivci ccii'vopliylkci L. J WVSR G
Poaceae Aiidi'opogon virgiiiicus L. s G
Poaceae Aveiici barhata Pott ex Link J WVSR G
Poaceae Aveuci fcituci L. J WVR G
Poaceae Brachvpodiimi distcicliyoii (L.) P.Beauv. J WVSR G
Poaceae Brizci iiiuior L. WVSR G
Poaceae Bromiis avenarius Labill. s NG
Poaceae Bronius ccn'inatus Hook. & Arn. N WVR G
Poaceae Bronius dicmdrus Roth WVSR G
Poaceae Bromus hordeciceiis L. WVS G
Poaceae Bronius kievipes Shear N WVSR G
Poaceae Bronius niadritensis L. WVSR G
Poaceae Bronius niadritensis L. ssp. ruhcus (L.) Duvin J WVSR G
Poaceae Bronius sterilis L. J WVR G
Poaceae Bronius tectoruni L. V G
Poaceae Crvpsis sc/ioenoides (L.) Lam. s G
Poaceae Cynodoii dactvkm (L.) Pers. s G
Poaceae Cyiiosurus ecliinatus L. I WVSR G
Poaceae Dcintlioniii ccdi/ornicci Boland var. cnnericuna (Scribn.)

Hitchc.

R G

Poaceae Dcint/ioniu iinispicatu (Thurb.) Munro ex Macoun N WV G
Poaceae Deschcinipsici dcinthonioidcs (Trin.) Munro R G
Poaceae Digitcirici scinguincdis (L.) Scop. V G
Poaceae EchinocJiloa crusgaUi (L.) P.Beauv. V G
Poaceae Elymus e/yinoides (Raf.) Swezey V G
Poaceae Elvnius gkiucus Buckley ssp. jcpsonii Burtt Davy N V G
Poaceae Elvnius niultisctus (J.G.Sm.) Burtt Davy N WVSR G
Poaceae Eragrostis hypnoidcs (Lam.) Britton, Sterns &

Posgenb.
V NG

Poaceae Gcistridiuni ventricosuni (Gouan) Schinz & Thell. I W G
Poaceae Hok'us kuuitus L. s G
Poaceae Hordcuni deprcssuni (Scribn. & J.G.Sm.) Rydb. N WV G
Poaceae Hordcuni niciriniini Huds. ssp. ^ussonccnuiiu (Pari.)

Thell.

I WVR G

Poaceae Morck'uni niuriiumi L. ssp. /cporinuni (Lmk) Arcang. I WVR NG
Poaceae Hordeuni vu/^cire L. W G
Poaceae Koeleria nuicrcmtlui (Ledeb.) Schult. R G
Poaceae Leersia oryzoidcs (L.) Sw. VS G
Poaceae Loliinn niultijloruni Lam. I WV G
Poaceae Loliuni peremie L. I WV G
Poaceae Loliuni tenndentuni L. I w G
Poaceae Melica ccdifornica Scribn. N WVSR G
Poaceae Melica torreyana Scribn. N WVSR G
Poaceae Muldenbergia rigens (Benth.) Hitchc. VS G
Poaceae Ncisscdki ceriiiia (Stebbins & R.M.Love) Barkworth N WVSR G
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r oaceae i\ UCt^iCliCl pUlL fU CI ^niLCIlC^ Ocll RWOl III V V V i\ VJ

Poaceae ICIUIL Urn Lit Llf Hit ICl I Lit r l k3W. Vdi. ClLUrrlltlClLUlrl c V J

Poaceae PciJiiciiiii ccipillcu'c L. VV r ;V J

Poaceae PhcilcH'is cicjuciticci L. * T1 WVRVV V IV VJ

Poaceae Plicilcivis Iciiifiioiiii Vasey i> WVV VJ

1 Utlltif ICS triinUf rvCLZ.. Y VJ

1 ly I CI L 1 lizi Lit r I r r III ICIL L Lit r I ^^^J^>L!^.
T1 WV VJ

Poaceae Poci ClllflUCl L. T1 VV V oiv VJ

1 UCl UlllUUcsCl -L. TA WVRVV V IN. VJ

Poaceae Poci cofjiprcssci L. V VJ

r UCl prCllcrl^l^ J.^. VV 0 VJ

X UCl iSk:LUrlCiCi J.A iC?>l J^JilJ. CSt:LLirlClCl N VV V kj aVJ
Poaceae Poa teuerrinui Scribn. V G

P/^l Vilify/^n in/ti'itiiiiijv \A/i|1/iJT ui vpo^uii 1 ncii 1 1 11 fines vv iiici.
TX WVVV V VJ

Poaceae Polypogon nionspelieusis (L.) Desf. w
r UclCcdc oc / luiitfi iLi uuicii icic 11 \ 111 ui u. ) indcis.. VV VJ

Poaceae Setaha pumihi (Poir.) Roem. & Schult. V G
LjUt^/iltf/l I ICilLJJL / IctC: \L^.f jrcil3. WV aVJ
1 Clkz f llCil 1 It: t ill i I LCipiil ftlizCiUCSClC: \\-^») i>lCVolvI I WV Q
y lllylCl 1/ f Ur r lU ICiCfiS \\^.) VJl ct

y

c VJ

Poaceae Vulpia microstachys (Nutt.) Munro var. ciliata (Beal)

L^UllcllU Cx, ^JVJUlvJ

N WR G

Poaceae Vidpia microstachys (Nutt.) Munro var. ro/T/i/^c/ (Piper) N WV

V Hip I CI r/llLt C^J IClt f I y >3 y \ALl. } IVl Lllll KJ V dl . pCl LiL If lUf CI N WV Q

y uipici tti y Llf cj V-^' / ^ .vjiiici. J WV Q
1 UdCCdC y iiipici I f I \ lit c/l> yi^. ) v_ , v_. . vj iiici . vdi. 1 1 1 1 ii i ci ii dciv

.

I WVSR Q
V llipiCl C/C lU f left CI i^VVdllCl ) JXyUU. Vdl. tut I ir 1 1 CI yL ipci f

Henr.

N WV Q

F UlCIIlUlUaCCdC A 11/Mill ^''1 1 1 iin /ii^y/^ii* i^'/t i 1 ill! ^^vliitf ^ A IrfQilt Jvt"
/t. llOpil \ lllll 11 III \ III It U I III 1 1 ^l>Ull.^ /A. L^. VJl dill OL

V . J_/.\J1 dill

VV VJ

1Polemoniaceae /iiiopiiyiiiini giiioicws ^Denin.j /-\.j_>'.vjrdni oc v .i_,.vjrdnL VV VJ

r UlCIllUIliaCCclC (Tol/oiiiici hctcvoplivllci Hook. Q VJ

Polemoniaceae Gilici ccipitcitci Sims IN wsVV 0 VJ

rUlCllUJllldCCclC KJlllil CUpilCllll ollllS bap. pcllCiHUtllLlflLl V .J_v. VJl dill VNR Q
r UlClllUlllclL-CclC KJlllCl 1 1 ILUlUf DClllll. N WN NG
ruicnujiiidcccic KJlllCl 11 IClflOi OClllll. asp. LllllUSLl ll.lVldaDll OL

r\..U .KJV dll I

Y NG

Polemoniaceae Luicnithns cniclvoscicciis (Benth.) Grreene N
ruiciinjiiidi^ccic L^lUllI 1 1 mis UlLOlOl ^i>Ull.^ VJICCIIC N WVNRVV V 1 > Iv Q
Polemoniaceae Liuciuthns cilicitiis (Benth.) Greene "Mi> WRVV rv VJ

r UlCIllUIllclCCclC Lifitiiithns clicliotoiiins Benth. N
Polemoniaceae Liucinthusfilipcs (Benth.) Greene "Mi> WVV NOi> VJ

Polemoniaceae Liiumthus montanus (Greene) Greene V G
Polemoniaceae Liuciiithus pcirvifloy'us (Benth.) Greene VV VJ

Polemoniaceae LincnitJuis pygiiicicus (Brand) J.X.Howell WVVV V aVJ
ly Li veil 1 C I ICi cflC/Ccj/llCllCl im.iVldaUll Y G

ruiciinjiiidcccic ly LI VLlI rClltl J 11 IC lllll IS \ lUll. CA /A^. VJ I dy ^ VJl CCllC N WV Q
r UlCllUJllldl^CclC ly CI vlll 1 c I III II 11 ct lc.\ ICl ^IJCIILII./ inijljlv. N WVN Q
Polemoniaceae Ncivcirvctici piihcscciis (Benth.) Hook. & Arn. i> WVN Q
Pol on 1 i-1 r*(^i^ lyClVCiflcllll Vl^ClClLttll i3Cillll. Y G
Po 1p tTion I ii r* I y ct V III 1 c Im r /i> t tULiiit ljk^h ooL/. 17 iti l/lh ch \ v j 1 ^^11^ f

1 1 . ividaUll

R G

Polemoniaceae Phlox gracilis Greene WV G
Polygalaceae Po/yga/a cornuta Kellogg N WVSR G
Polygonaceae Chorizauthe nicinhrcmacea Benth. V G
Polygonaceae Chorizauthc polygonoiclcs Torr. & A.Gray WV G
Polygonaceae Chorizanthc staticoiclcs Benth. N V G
Polygonaceae Eriogonum nuc/uiii Douglas ex Benth. N WV NG
Polygonaceae Eriogonuni wuhcllatiun Torr. N
Polygonaceae Eriogonum vimineum Douglas ex Benth. V G
Polygonaceae Polygonum arenas trum Jord. ex Boreau V G
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Polygonaceae Polygonum califoruicwn Meisn. N WV G
Polygonaceae Polygonum convolvulus L. N —
Polygonaceae Polygonum punctatum Elliot V G
Polygonaceae Pterostegia drymarioides Fisch. & C.A.Mey. VS G
Polygonaceae Rumex acetocella L. V G
Polygonaceae Rwnex conglomeratus Murray VN G
Polygonaceae Rumex crispus L. I WVNS G
Polygonaceae Rumex obtusifolius L. s G
Polygonaceae Rumex pulcher L. I WV G
Polygonaceae Rumex salicifolius Weinm. var. denticulatus Torr. N WV G
Polypodiaceae Polypodium califomieum Kaulf. N WVNSR G
Portulacaceae Calandrinia ciliata (Ruiz & Pav.) DC. var. menziesii

(Hook.) J.F.Macbr.

N WVNSR G

Portulacaceae Claytonia exigua Torr. & A.Gray V G
Portulacaceae Claytonia parviflora Douglas ex Hook. WVR G
Portulacaceae Claytonia perfoliata Donn ex Willd. N VNSR G
Portulacaceae Montiafonlana L. V G
Portulacaceae Porlulaca oleracea L. N —
Primulaceae Anagallis arvensis L. I WVNS G
Primulaceae Centunculus minimus L. V NG
Primulaceae Dodecatlieon hendersonii A.Gray N WVNSR G
Primulaceae Trien talis latifolia Hook. N W NG
Pteridaceae Adiantum jordanii C.H.Mull. N WVNS G
Pteridaceae Aspidotis californica (Hook.) Nutt. ex Copel. N WSR G
Pteridaceae CheUanthes intertexta (Maxon) Maxon VR G
Pteridaceae Pellaea audromedaefolia (Kaulf.) Fee VS G
Pteridaceae Pellaea nmcronata (D.C.Eaton) D.C.Eaton N WVNSR G
Pteridaceae Pentagramma pallida (Weath.) Yatsk., Windham &

E.Wollenw.
V G

Pteridaceae Pentagramma triangularis (Kaulf.) Maxon N WVNSR G
Pteridaceae Pteridium aquilinum (L.) Kuhn vdr. puhescens Underw. WVN G
Ranunculaceae Aquilegiaformosa Fisch. ex DC. WV G
Ranunculaceae Clematis lasiautha Nutt. N WVNSR G
Ranunculaceae Delphinium gracilentum Greene S G
Ranunculaceae Delphinium hansenii (Greene) Greene VSN G
Ranunculaceae Delphinium hesperium A.Gray WV G
Ranunculaceae Delphinium patens Benth. N WVN G
Ranunculaceae Isopyrum occidentale Hook. & Arn. N w NG
Ranunculaceae Ranunculus aquatilis L. var. hispidulus E.Drew w NG
Ranunculaceae Ranunculus arvensis L. V G
Ranunculaceae Ranunculus californicus Benth. V G
Ranunculaceae Ranunculus hebecarpus Hook. & Arn. N wvs G
Ranunculaceae Ranunculus hystriculus A.Gray N —
Ranunculaceae Ranunculus muricatus L. WVS G
Ranunculaceae Ranunculus occidentalis Nutt. var. eisenii (Kellogg)

A.Gray
N WVNR G

Ranunculaceae Thalictrumfendleri Engelm. ex A.Gray vdv.polycarpum
Torr.

WN NG

Rhamnaceae Ceanothus cuneatus (Hook.) Nutt. N WVN G
Rhamnaceae Ceanothus integerrimus Hook. & Arn. N WVN G
Rhamnaceae Ceanothus lemmonii Parry N WVNSR G
Rhamnaceae Ceanothus leucodermis Greene N —
Rhamnaceae Ceanothus palmer i Trel. N WV NG
Rhamnaceae Ceanothus roderickii Knight N WVR G
Rhamnaceae Rhcmmus californica Eschsch. N N
Rhamnaceae Rhanuius ilicifolia Kellogg N WVSR G
Rhamnaceae Rhamnus tomentella Benth. ssp. crassifolia (Jeps.)

J.O.Sawyer
WVSR G

Rosaceae Adenostoma fasciculatum Hook. & Arn. N WVNSR G
Rosaceae Amelanchier utahensis Koehne W
Rosaceae Aphanes occidentalis (Nutt.) Rydb. N WVS G
Rosaceae Cercocarpus hetuloides Nutt. N WVNS G
Rosaceae Chanlaebatia foliolosa Benth. N
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Hosaceae t fxiii^cu'ici vc'scci L. ssp. culiforuicii (Cham. & Schltul.) XTIN

oiauai

Rosaceae Hctei'oniel&s uvhutifoliu (Lindl.) Roem. XTIN \\7A/X.TQR V I

Rosaceae Hovkelici cci/ifoi'uicci Cham. & Schltdl. ssp. dissitu \rV

(Crum) Ertter

Rosaceae Hovkclict fiiscci Lindl. ssp. pcirvijlorci (Nutt. ex Torr. & V

/\.oiay; L^. L*. ivecK

Rosaceae IVICllllS S\ IVCSl) IS IVIUI. XTIN

Rosaceae Ociulcnci ccvcisifoviJiis (Hook. & Arn.) J.W.Landon IN W XTO

Rosaceae Potcntillci i^/cinc/u/osci Lindl. XT W iM ( ;

Rosaceae rUlLllllllll ^iLllliilllUMI LIIlCll. asp. 1 L 1 IL All ^VJICCIIC^ V ij VJ

lj .lj. ivecK

Rosaceae lIllllLlS lllCl/l>llCI ^iMUll. CX nDUK. Oc r\lll.) LJ .LyiCll .
XTIN

Rosaceae Rosci ccilifoi'iiicci Cham. & Schltdl. XTIN Ww i>o
Rosaceae Rosci 6glcuit6}"ici L. V ( ;

Rosaceae Rubus civincniciciis Focke VV V O

I\LIU It Lit Utit 1 n It^ J_^L^ Ll^lcl^ CA 1 L7l 1 . CV . VJ 1 cxy N WN Q
Rosaceae Ruhus iivsiiiiis Cham. & Schltdl. XT VV V iMo CIV J

Rosaceae Sciiif^iiisorhci iiiiiiov Scop. ssp. iimriccitci (Spach ex XIVi> V riV I

DDllIllCI Oc L^ctyCllS/ lNUltiU*Jl^

rs. uu 1ciccctc cpi ILIILII 11 1 HIS Dttllltllltllir) L. Veil. C 11 1 1 / l/l f I IC ll,> DClllIl. V i> kJ
riV J

Rubiaceae Gciliufu cipcwiuf L. XT \\A/KIQRW V iN o Ix ( •

V I

Rubiaceae Gciliiiiu holciiidt'vi A.Gray XT W V orv K J

Iv U UlclCCaC KJLlttlllll L Lit 1 1 III lilt Ltl 11 ntJUlV. OC /Alll. asp. slci 1 Lit WVR V J

Dempster & Stebbms
ivLiDiaceae Gci/iinii (livciviccitimi Lam. TX wv V J

Rubiaceae Gcdiiuu niui'cdt^ (L.) All. V IN vJ

Rubiaceae Gctliuni pcivisiciisc L. T1 VV V 1 > o CIK J

Gci/iuiii porvigciis Dempster XT VV V orv V I

Rubiaceae Slwi'uydici cwvcusis L. T1 VV V c,V J

Rutaceae Ptelect cveiiiilcttci Greene XT WVsVV V i3 V J

ocillCctCCclC 1 Ijpill LIS f 1 cf r It/f 1 1 L 1 kj. VVclLalJll WVS Q
Salicaceae Scdix exiguci Nutt. VV V 1> Cr

^/ili^' cr /^i /I /'I i11 (T ii R T^qIIiSyciii.x guunm/igii x^.iv.Dciii WVN Q
oclllCcH^CclC kjtlll.y ILlt: l lgCllCL Q
OctlJCclCCctC ijLlll.\ IClSlUlCpiS DClllll. WVN Q
Salicaceae Sci/i.x lucidci IVIuhl. ssp. hisiciudvci (Benth.) E.Murray VV riV I

OclllCctCCctC OC///.\ 1 1 It LLlHI/p^ Ia i^lL^ll. VN Q
Oclll IcUclCCctC ^ Ol 1 Ull ICll 11 III 1 lot 1 III 1 11 {L^.} IMUll. aap. 1 11 1 1 / U 1 1 1 1 1 11 ^CdalVv. V o VJ

CA rvyuu.^ ivi.riciii

Coaxiiragaceae Boykciiici occidciitcdis Torr. & A.Gray VV V 1 N Ct

ociAll I cl^clcCciC LJllI 1 1 It 1 11 ptfl llllll \ lyjil. CA DCIllli.^ V USa VV Q
Saxifragaceae LithoplwciguHi cifftue A.Gray VNV IN iM VJ

Saxifragaceae Lithophi'iigiitct holtiudcri A.Cjray VSV i3 Q
Saxitragaceae Lithopliviigiuu hctcvophylhuu (Hook. & Arn.) Xorr. & IN VXIV IM c^V J

/A.vji ciy

Saxiiragaceae Lithophycigiiui piirvif/oruiti (Hook.) Torr. & A.Gray V c^V I

Saxifragaceae Pliihidclphus /t'M'isii Pursh ssp. cci/ifoi'iiicii (Benth.) XT VV V 1> o V I

ivi unz
oaxiiragaceae Scixifrcigu cultforntcci Greene XT VV V 1 > o Cm

Scrophulanaceae Aiitivvhijiiijit coviiiitiiiu Benth. XTIN wvVV V Cm

Scrophulariaceae Aiitii'i'/ii/iuiii vcxillocxilvciiliitiitii Kellogg ssp. hrcwcvi VV NG
^/\.^Jlayj u. i nomp.

Q - 11--ocropnulanaceae GiistiUcju cipplcgcitct Fernald VV Q
Scrophulariaceae Castidc/a attemiata (A.Gray) T.LChuang & Heckard N WVSR G
Scroph ulariaceae Castideja exertii (A. Heller) T.LChuang & Heckard VR G
Scrophulariaceae Castideja foUok)sa Hook. & Arn. N WVNSR G
Scrophulariaceae Castideja kicera (Benth.) T.LChuang & Heckard V G
Scrophulariaceae Castdkda Iiiieavik)ha (Benth.) T.LChuang & Heckard WV G
Scrophulariaceae Castideja nihicundu/a (Jeps.) T.LChuang & Heckard N WVN G

ssp. //7/;as7:>(:^r/;?o/V/fA' (Benth.) T.LChuang & Heckard
Scrophulariaceae Castideja siibinehisa Greene VN G
Scrophulariaceae Codinsia heterophyda Biiist ex Graham WVNSR G
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Scrophulariaceae CoUinsia sparsiflora Fisch. & C.A.Mey. var. hvuceuc

(M.E.Jones) Newsom
N WVN V G

Scrophulariaceae CoUinsia sparsiflora Fisch. & C.A.Mey. var. collina

(Jeps.) Newsom
WVN G

Scrophulariaceae CoUinsia tinctoria Hartw. ex Benth. N —
Scrophulariaceae Cordvkmtluis pilosus A.Gray ssp. /lanscnii (Ferris) VN G

T.I.Chuang & Heckard
Scrophulariaceae Grateola ehracteata Benth. V NG
Scrophulariaceae KeckieUa breviflora (Lindl.) Straw N WVNSR G
Scrophulariaceae KeckieUa leninionii (A.Gray) Straw R G
Scrophulariaceae Kickxia ekitine (L.) Dumort. V G
Scrophulariaceae Linaria canadensis (L.) Dum.Cours. var. texana

(Scheele) Pennell

W G

Scrophulariaceae Linchrnia chihia (L.) Pennell var. anagaUidea (Michx.)

Cooperr.
V G

Scrophulariaceae Miniuhis aurantiacus W.Curtis N WVNSR G
Scrophulariaceae Miinnhis cardinalis Benth. WVNS G
Scrophulariaceae Minmhis dougkisii (Douglas ex Benth.) A.Gray V G
Scrophulariaceae Miniuhis guttatus DC. WNS G
Scrophulariaceae Miniuhis keUoggii (Curran ex Greene) Curran ex

A.Gray
VNS G

Scrophulariaceae Miniuhis layneae (Greene) Jeps. V G
Scrophulariaceae Miniu/us pi/osus (Benth.) S.Watson V G
Scrophulariaceae Miniuhis tricohr Hartw. ex Lindl. VN G
Scrophulariaceae Pcdiciikiris densifhra Benth. ex Hook. N —
Scrophulariaceae Pcnstenion aziirciis Benth. N WV G
Scrophulariaceae Penstenion hetcrophyUus Lindl. WVNS G
Scrophulariaceae Scrophularia caUfornica Cham. & Schltdl. N NS G
Scrophulariaceae Scrophukiria caUfornica Cham. & Schltdl. ssp.

J'/orihiinda (Greene) R.J.Shaw
WV G

Scrophulariaceae Trip/iysaria criantha (Benth.) T.I.Chuang & Heckard N WVNS G
Scrophulariaceae Triphysaria pusiUa (Benth.) T.I.Chuang & Heckard V G
Scrophulariaceae Verhasciini hiattaria L. I WVN G
Scrophulariaceae Verhasciini thapsiis L. WVNS G
Scrophulariaceae Veronica arvensis L. I w G
Scrophulariaceae Veronica peregrina L. ssp. xakipensis (Kunth) Pennell V NG
Scrophulariaceae Veronica persica Poir. V NG
Selaginellaceae SekigineUa dougkisii (Hook. & Grev.) Spring V G
Selaginellaceae SekigineUa hanseni Hieron. N ws G
Selaginellaceae SekigineUa \vaUacei Hieron. s G
Simarubaceae Aikinthus ahissinia (Mill.) Swingle N —
Solanaceae Datura stranioniiini L. var. tatula (L.) Torr. VN G
Solanaceae Datura wrightii Regel N
Solanaceae Nicotiana acuminata (Graham) Hook. var. niuUiJk>ra

(Phil.) Reiche
WVN G

Solanaceae Nicotiana attenuata Torr. ex S.Watson N —
Solanaceae Nicotiana gkiiica Graham N —
Solanaceae Nicotiana cpiadrivalvis Pursh N —
Solanaceae Sokiniini aniericaniini Mill. WV G
Solanaceae Sokmuni xantii A.Gray WVN G
Sterculiaceae Freniontodendron caUforniciini (Torr.) Coville ssp.

deciimbens (K. Lloyd) Munz
N WVR G

Styracaceae Styrax officinalis L. var. redivivus (Torr.) Howard N WVNS G
Tamaricaceae Tanuirix parviflora DC. V G
Typhaceae Typha doniingensis Pers. NS NG
Typhaceae Tvp/ia kitiJbUa L. WVN G
Urticaceae Urtica choica L. ssp. hok)sericea (Nutt.) Thorne VN G
Valerianaceae Pk'ctritis ciUosa (Greene) Jeps. N WVNS G
Valerianaceae Pk'ctritis nuicrocera Torr. & A.Gray NR G
Valerianaceae Va/erianeUa locusta (L.) Laterr. V G
Verbenaceae Phyki nodifk)ra (L.) Greene var. nodij/ora VNS G
Verbenaceae Verbena bonariensis (A.DC.) A.Gray V G
Verbenaceae Verbena hastata L. N
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Verbenaceae Verbena litonilis Kunth S G
Violaceae Viola douglasii Steud. N
Viscaceae Arceiitliohium eampylopodiim Engelm. WVN G
Viscaceae Plwradenc/ron wacrophyUiini (Engelm.) Cockerel! VN G
Vitaceae Vitis ealiforuica Benth. N WVNS G
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Abstract

The combination Carex scirpoidea Michx. var. gigas Holm was published in 1904, without reference

to a collector or specimen, citing only the type locality: Mt. Eddy, Siskiyou County, California. The
first reference to a specimen as the type was in 1922 by Mackenzie, who cited a collection made by

Cyrus Pringle in 1881, from Siskiyou Co., CaHfornia. What constitutes the type of this combination

has been questioned, however, and as late as 1999 was called unknown. A specimen has been found

that bears every indication of being the holotype studied by Holm, collected on Mt. Eddy by E. B.

Copeland in 1903.

Key Words: California, Carex scirpoidea var. gigas, Cyperaceae, Herman Theodor Holm, Siskiyou

Co.

The perennial, wetland sedge Carex scirpoidea

Michx. var. gigas Holm is one of a handful of

sedges in CaHfornia associated with serpentine

soils; although uncommon, populations are

known in the northern Sierra Nevada and
serpentine-endemic-rich Klamath Ranges (Mas-
trogiuseppe 1993; Safford et al. 2005). The name
has recently been treated as a taxonomic syno-

nym of C. scabriuscida Mack., that grows in

serpentine soils of adjacent southwestern Oregon
(Dunlop 1997, 2002). Holm (1904) published C.

scirpoidea var. gigas without citing a collection,

but provided a type locality: ''Only known from
Siskiyou County, Cahfornia: Mt. Eddy." The
majority of Holm's (1904) publication concerned

collections by Macoun from British Columbia.
The next publication to treat this plant was by
Mackenzie, who published a series of papers

dealing with "a large amount of material which
has accumulated in the New York Botanical

Garden, and which collectors as a rule have not

attempted to name" (Mackenzie 1906). In

publishing the new combination Carex gigas

(Holm) Mack., Mackenzie (1908) cited "Speci-

men examined: California: Siskiyou County,
8000 ft, Pringle. August 18 [sic], 1881," but did

not refer to this collection, or any other, as a type.

In a later treatment of the genus in California,

however, Mackenzie (1922) left no doubt of his

regard for the status of Cyrus Pringle's collection:

"Known only from Siskiyou Co., California. Locs:

Siskiyou Co., 8000 feet, Priugle Aug 18 [sic], 1881

(type); Grizzly Hill, Siskiyou Co., 6800 feet,

Leiherg 5104, July 12, 1900." Subsequently, both
Jepson (1922) and Mackenzie (1935) cited Prin-

gle's collection as the type, and the type locality as

Siskiyou Co.; the correct date as it appears on the

corresponding specimen, 19 Aug 1881, was
eventually printed in North American Cariceae

(Mackenzie 1940), in which Pringle's specimen

was the basis for the illustration of the species.

Mackenzie (1922) had noted: "All specimens cited

have been examined. They are to be found in one
or another of the following collections: Smithso-

nian Institution; University of California; Stan-

ford University (including herbaria of S.B. Parish

and W.R. Dudley); New York Botanical Garden;
Harvard University; Ezra Brainerd; K.K. Mack-
enzie." Mackenzie's own herbarium and types are

now housed at NY (Stafleu and Cowan 1981).

The specimen that Mackenzie both cited and
annotated bears Pringle's label, distributed as

^ Carex scirpoidea Michx.', with data written:

'Mts., Siskiyou Co., alt. 8000 ft; 19 Aug 1881;

Pringle s.n.' (NY-11321! [seen as image]). Mack-
enzie also annotated what appears to be a

duplicate at the Gray Herbarium, distributed

only as "Carex', with Pringle's printed locality:

'Mts. about the head waters of the Sacramento
River, alt. 8000 ft; 19 Aug 1881; Pringle J26'

(GH-283221!). A third Pringle specimen, at the

Field Museum, initially seems to draw Holm's
protologue and Mackenzie's 'type' very close

together. It, too, bears Pringle's label, distributed

as "Carex\ with the data written: 'Mt. Eddy; 19

Aug 1881; Pringle 126' (F-261604! [seen as

image]). Aside from the epithet "scirpoidea Mx.'

written on Pringle's label at some later time,

however, there are no historical annotations on
that sheet to suggest that it was seen either by
Holm or by Mackenzie. By what reasoning

Mackenzie chose Pringle's specimen as type

remains unknown. Although Pringle certainly

collected in the vicinity on the date that appears

on these specimens, the two duplicates that

Mackenzie saw did not connect Pringle to Mt.
Eddy, the type locality cited by Holm. At the

same time, Mackenzie (1922) did not claim that
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Fig. 1. Holotype of Carex scirpoidca var. gigas: E. B. Copeland no. 5, 18 Aug 1903, Mt. Eddy, California (US-
3151513 ex ECU). Type image courtesy of Smithsonian Institution.
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he was selecting Pringle's specimen as neotype in

the absence of original material seen by Holm.
Recent treatments of the group that includes C.

scirpoidea var. gigas have expressed uncertainty

about the type of the basionym: "...In 1908 when
Mackenzie raised this taxon to the specific level,

he did not lectotypify this species but only referred

to Cyrus Pringle's specimen from 8000 feet,

Siskiyou County, CaHfornia, 18 August 1881. It

is not known at this time which specimen of

Pringle's was examined by Holm in 1904"

(Dunlop 1997). In a subsequent review of the

taxonomy of the Scirpinae, the type of C. gigas

was cited as ''Type: USA California: Siskiyou

County, Mt. Eddy (not known)" (Dunlop and
Crow 1999). While Dunlop (1997) and Dunlop
and Crow (1999) cited Mackenzie's publications

of 1908 and 1935, they did not cite the intervening

publication in which Mackenzie, in 1922, effec-

tively established the Pringle specimen as neotype

(McNeill et al. 2006). In the century since the

name was published, Pringle's collection has been

the only one called the type of C. scirpoidea var.

gigas, or C. gigas, but that status should now be

regarded as superfluous (McNeill et al. 2006).

Herman Theodor Holm (1854-1932) was a

1902 doctoral graduate of the Catholic University

of America, contributed to its herbarium, and
remained in the Washington, D.C., area as an
affiliate of the Smithsonian Institution and U.S.

Department of Agriculture (Tucker et al. 1989). It

was during this period that he wrote a series of

papers on sedges, of which his 1904 publication was
a part. When the herbarium of Catholic University

(LCU) was disbanded in 1985, the majority of the

Cyperaceae was acquired by the National Herbar-

ium (US) (Tucker et al. 1989), and that transfer is

recorded by stamps on the sheets. A Pringle

duplicate of C. scirpoidea var. gigas is not among
the material at US ex LCU. There are, however,
two sheets at US that present a range of features

evincing their status as type material.

On one sheet of C. scirpoidea var. gigas is a

label in Holm's writing for a collection by E. B.

Copeland (see Wagner 1965), from Mt. Eddy,
Siskiyou Co., 18 Aug 1903 (US-3151513! ex

LCU; Fig. 1). More telling than the locality is a

series of pencil-shaded line drawings pasted to the

sheet, showing perigynia and scales that Holm's
annotation indicated were based upon 'Copeland
no. 5\ The illustration accompanying the proto-

logue was a line drawing of a perigynium (Holm
1904) that could readily have been derived from
one of these sketches. The sketches on the sheet

are labeled 'Carex scirpoidea var.' in pencil, with

'gigas Holm' added in brown ink. Below the

sketches and pasted to the sheet is a lengthy

description, also in brown ink and in Holm's
handwriting. Hugh T. O'Neill, a member of the

faculty at Catholic University (Tucker et al.

1989), annotated this sheet in 1940 as 'topotype'

of C. gigas. A second sheet at US has pasted to it

what appears to be Copeland's field ticket,

written hastily in pencil on a scrap of brown
paper, that was also annotated by Holm with the

new name (US-3 155047! ex LCU).
The International Code of Botanical Nomen-

clature (Art. 9) states that a lectotype may be
designated when no holotype was cited by the

author of a name, and recommends that typifi-

cation of a name so published should take into

account the author's methods and materials

(McNeill et al. 2006). Not only were the two
Copeland sheets at US ex LCU clearly studied

by Holm, there are evidently no other specimens

of this species seen by Holm that could compete
for type status. None of Pringle's specimens (F,

GH, NY) have the epithet 'gigas' attached to

them except as Mackenzie's (1908) combination,

C. gigas. This, together with Holm's annotation

of Copeland's specimens as C. scirpoidea var.

gigas, provides a strong indication that Holm did

not see Pringle's material at all. (Incidentally, the

Copeland material at US was not annotated, and
so probably not seen, by Mackenzie.) In conclu-

sion, the status of 'holotype' and 'isotype' for the

Copeland sheets at US appears justifiable, and
lectotypification is unnecessary. The type should

be recognized as follows:

Carex scirpoidea Michx. var. gigas Holm, Amer.
J. Sci. Arts, ser. 4, 18(103): 20-21 +Fig. 8. 1904.

Type: USA, California. Siskiyou Co., Mt.
Eddy, alt. 7500 ft; 18 Aug 1903, E.B. Copeland
5 (holotype: US-3151513! ex LCU; isotype:

US-3 155047! ex LCU).
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THE STATUS OF JUNCUS MARGINATUS (JUNCACEAE) IN CALIFORNIA
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Abstract

Jiiucus niarginatiis is native in eastern North America, west to Arizona. Recent California

treatments considered it a native species, and rare. Its collection history in Oregon and California was
examined to determine if those populations are native or introduced. The earliest Oregon records are

1991 from disturbed sites. The earliest Calfornia records are from disturbed mining sites in 1965 and
1971. At least one California population is associated with exotic cranberry, Vaccinium uiacrocarpoiu

a documented vector for transport of propagules of wetland species native to eastern North America.

Eight other Jiiucus species native to eastern North America are naturalized in the Pacific States,

lending support to introduced status for /. margimitus in California. Subsequent discoveries of J.

niarginatiis in Oregon and California suggest the species is expanding its adventive range into less

disturbed plant communities.

Key Words: California, cranberry, Juncaceae, Jiincus niarginatiis, Oregon, Vaccinium macrocarpon.

While preparing the Jimcus treatment for the

revision of the Jepson Manual (Swab 1993), I

received several queries from conservation biol-

ogists about the status of Jimcus niarginatiis

Rostk., red-anthered or grass-leaved rush. This

rarely seen species was treated as a native plant in

California by Swab (1993). The most recent

taxonomic treatments do not accept any varieties

of /. marginatus, and give its native range as

eastern North America, from Nova Scotia to

Florida and Bermuda, and west to South Dakota
and Arizona. Its natural distribution also extends

south to Mexico, Cuba, the mountains of Central

America, Venezuela, and southeastern South
America (Balslev 1996; Brooks 2000; Kirschner

et al. 2002). Because there are few populations in

California, it was included on several lists of rare

native species (e.g.. Skinner and Pavlik 1994;

California Department of Fish and Game 2008).

This note attempts to clarify the native or

introduced status of J. niarginatiis in California,

by examining the known collecting history and
comparing it to records for the species in Oregon.

All authors consider Jimcus niarginatus a

native in Arizona, where the collecting record

extends back to at least 1882 in the Santa
Catalina Mountains (Pringlc s.n. NY, P, US).
This contrasts strongly with the earliest collection

I

in CaHfornia, a 1965 gathering from Nevada Co.
(Buckeye Diggings, edge of placer diggings, G.

True & J. T. Howell 2321 CAS). Pendell (1984)

mentioned another Nevada Co. population
found in 1971 on placer diggings at North

I

Columbia (G. True 6886 CAS), where the plants

1
were common at a site excavated for gold and
"nothing green was left rooted" by 1884, after

j

massive hydraulic mining left "a lifeless waste-

I

land." How did J. niarginatus arrive in the

marshes that slowly revegetated the placer mines?

An answer is suggested by the abundance of

naturalized cranberry ( Vaccinium macrocarpon
Alton) at the North Columbia placer diggings

(Pendell 1984). Cranberries are native to eastern

North America, west to Minnesota. Vaccinium

macrocarpon must have been introduced to the

diggings, and has since spread to becoine
common there. It is not known as a wild plant

elsewhere in California. When cuttings of cran-

berry vines were introduced for commercial fruit

production in Oregon, Washington, and British

Columbia, one result was the establishment of

weedy populations of 22 vascular plant species

native to eastern North AiTierica (Zika 2000a, b,

2003). Many of these were wetland inhabitants

with small seeds that readily established them-
selves in the cranberry farms of the west coast.

Among them were several Jimcus, Hypericum,
and Carex species. Thus it seems possible that

Jimcus niarginatus could have arrived in Califor-

nia as seed mingled among the introduced vines

of Vaccinium macrocarpon at the North Colum-
bia diggings. I propose this as a reasonable

explanation for its occurrence in California. A
less attractive alternative is to treat J. niarginatus

as a rare disjunct native on disturbed mine
rubble, which Kartesz and Meacham (2003)

map some 900 km northwest of the closest

known indigenous stands in Arizona.

Populations of Juncus tnarginatus in Oregon
are 550 km north of the Nevada Co. stations, in

the densely settled Willamette Valley. Juncus

niarginatus was first reported there in 1991, as a

likely adventive in ditches and wet roadsides in

Lane Co. (Zika 1991). I have since observed it

spreading in disturbed sites, but also invading

relatively undisturbed seasonal wetlands in Lane
and Linn Cos. {Zika 23346 CHSC, RSA, UC,
WTU), where it would appear native (among the
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indigenous and endemic wet prairie species) if the

recent colonization history were unknown.
A third California record for Jimcus margin-

atus was located in 2003 in a rocky seep in

Tehama Co., by Barbara Ertter {Ertter 18256

UC, WTU). Based on the label data, this habitat

is similar to the Linn Co., Oregon site mentioned
above. Given the contemporary spread of the

species in Oregon, I interpret the Tehama Co. site

as another recent colonization.

A final piece of supporting evidence is that

California wetlands shelter several other little

known and introduced rushes from eastern North
America, including Jimcus diffusissimus Buckley,

J. effusus L. subsp. solutus (Fernald & Wiegand)
Hamet-Ahti, and J. elliottii Chapm. To this can
be added Pacific Northwest populations of five

more naturalized eastern North American rushes:

/. hrachycavpus Engelm., J. brevicaudatus (En-

gelm.) Fernald, /. canadensis J. Gay, J. pelocarpus

E. Mey., and /. pylaei Laharpe (Zika 2000a,

2003). Thus it is not extraordinary for eastern

Juncus to successfully colonize western North
America in the last century.

Taken together and summarized, the data

suggest /. marginatus is naturalized, not native,

in both California and Oregon.
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Abstract

Sidalcea gigantea G. Clifton, R. E. Buck, & S. R. Hill is described as a new species from the

northwestern slope of the Sierra Nevada in Butte, Plumas, Sierra, and Yuba Counties and from the

extreme southern Cascade Range in Shasta County, California. The new species is a robust, long-lived

perennial from large and extensive rhizomes; it is one of the tallest species known in the genus and it

forms the largest known clonal colonies. Based on both morphological and DNA characters, S.

gigantea appears to be most closely related to 5". aspreUa Greene and S. celata (Jeps.) S. R. Hill, both

found in the vicinity of the new species. Sidalcea gigantea occurs around margins of meadows, seeps,

and streams in montane conifer forests, especially Mixed Conifer Forest.

Key Words: California, Cascade Range, malvaceae, new species, sidalcea. Sierra Nevada.

Work by G. Clifton on a flora of the Plumas
region in the northern Sierra Nevada (unpub-
lished report to U.S. Forest Service, Plumas
National Forest) resulted in the recognition of a

previously undescribed species of Sidalcea. This

new species has been known to northern Califor-

nia botanists for years, and it was previously

treated as an undescribed taxon by Oswald (2002).

It was collected at least as early as 1975 in Plumas
County {F. T. Griggs & A. Pass 273, CHSC) but it

was not recognized as new at that time. For years

it has been treated as Sidalcea mcdviflora subsp.

celata (Jeps.) C. L. Hitchc. (Schlising 1987) or as

S. malvijlora subsp. asprella (Greene) C. L.

Hitchc. (Hill 1993). Although the species may be
locally abundant in small, concentrated popula-
tions, it is uncommon overall.

Description

Sidalcea gigantea G. Clifton, R. E. Buck, & S. R.

Hill, sp. nov. (Figs. 1, 2, 3) "Giant Checker-
bloom" Type: USA, Cahfornia, Yuba Co., at

Travis Saddle along La Porte Road, in a

drying meadow, 39 33'37"N, 121 07'07"W;
T20N R8E S30 NE 'A of SE 'A, ca. 1100 m
(3600 ft), 17 August 1996, G. Clifton 35038
(holotype: JEPS; isotypes, CAS, CHSC, ILLS,
MO, NY, PUA, RSA).

Species S. asprellae Greene affmis, sed caulibus

erectibus (non suffultis) usque ad 2.5 m altis in

coloniis extensis, dilatatis fistulosis prope bases,

basibus caulium setis numerosis grossis retrorsis

epidermalibus (non stellatis), rhizomatibus evo-

lutis bene ca. 0.4—0.6 m longis et 0.6-1 cm

' Author for correspondence

diametro setosis setis epidermalibus usque ad
2.5 mm caducis demum, inflorescentibus ramosis

saepe, efferentibus floribus post demum (in Julio

a Septembro), et crescentibus excelsioris in

montibus ([670-]900-1650[-1950] m.).

Robust perennial herb, in large colonies, stems

erect 0.8 2.0 ( 2.5) m tall; rhizomes well-devel-

oped, horizontal, often matted, generally 0.4—

0.6 m long and (0.6-) 1 cm thick, bristly-

pubescent (setose) with epidermal bristle hairs

to 2.5 mm long, these sloughing off in age; stems

generally glaucescent, base purplish-tinted, widest

and hollow 20 30 cm above the base where (0.5

) 1-1.4 cm in diameter, pithy at base and above
and when immature, surface of stem base setose

with numerous retrorse coarse pustulate-based

simple hairs 1.5-2.5 mm long, the middle and
upper stems and branches glabrous or with a few

small sessile stellate hairs (generally 0.1-0.3 mm);
stipules (3.5-) 4.5-5 (-8) mm long X 0.6-0.7(-l .5)

mm wide, narrowly lanceolate, sparsely pubes-

cent with minute stellate and simple hairs, early

deciduous, associated with pink band on stem;

leaves near the base often senescent before the

plant matures, lower leaves when present with

petioles 6 8 cm long, blades to 7 cm wide,

rounded in outline with 4-5 shallow lobes, each

lobe again irregularly dentate, light green with

sparse sessile stellate hairs on both surfaces, the

mid-stem leaves the largest, similar in shape to

lower and other mid-stem leaves, with sparsely

pubescent petioles 10 14 cm long, the uppermost
5 mm a somewhat flattened paler curved pulvinus

1.8 mm wide; blades ca. 6.5-12 cm long X 10-

13 cm wide, like the lower except more deeply

divided (3/4 distance to base) into 5-7 strap-

shaped segments 15-18 mm wide X 5.5 cm long,

coarsely dentate, sparsely hairy with minute
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Fig. 1. Sidalcea gigautea. A. Plant base, habit, with lower and mid-stem leaves. Scale 1 cm. B. Stem base,

enlarged. Scale 1 cm. C. Plant apex, inflorescence, habit with reduced leaves. Scale 2 cm. D. Pulvinus at apex of

petiole and attachment to blade. Scale 2 cm. E. Stipules and attachment. Scale 5 mm. F. Mericarp, 3 views: 1)

lateral, 2) back, 3) top. Scale 1 mm. G. Fruiting calyx, side view. Scale 1 cm. H. Calyx lobe enlarged. Scale 5 mm. I.

Petal. Note: veins are actually pale - pattern is indicated. Scale 1 cm. J. Stamen column, styles of pistillate flower.

Scale 5 mm. A, B, E drawn from Janenay & Castro 7696\ C, D, I, J drawn from Janeway & Castro 7698; F, G, H
drawn from D. IV. Taylor 15370. Illustration by Steven R. Hill.

scattered (not dense) simple or 2^-rayed (6-

rayed on lower surface) stellate hairs to 0.5 mm
long, gradually reduced in size towards stem
apex, in the inflorescence greatly reduced and
irregularly 2-3 lobed; inflorescence compound or

simple, each branch an interrupted spike-hke

raceme generally 10 25 cm long, axis glaucous,

with minute tufted stellate hairs, bracts single,

tardily deciduous, narrowly lanceolate, often

bifid, 2.5 3.0 X 0.7 mm, little longer than the

pedicel, much shorter than calyx, canescent,

attached with pedicel to raised pad on stem;

species gynodioecious, flowers pistillate with
aborted anthers, or bisexual; flowers on all plants

generally 10-20 per branch, well-separated

(about 5 mm apart) on stellate canescent pedicels

2-3 (-5) mm long, these longest below; mature
calyx (5-) 6-8 mm long, fused at the base, lobes 5,

3-veined, (3.5-) 4-5 mm long, densely stellate on
outside (surface ± obscured), the inner surface

glabrous except for the similarly pubescent inner

lobe margins; petals 5, 14^20 mm long X 7-8 mm
wide in bisexual flowers, 7-9 mm X 4-5 mm in

pistillate flowers, the claw densely fringed with

hairs; the staminal column stellate-puberulent, 5-

6 mm long in pistillate flowers, to 8 mm in

bisexual flowers; stigmas 6-8, in pistillate flowers

extended 4 mm beyond aborted anthers, not

extended beyond anthers in bisexual flowers,

sometimes poorly developed; mericarps 6-8,

3 mm long X 3.0^.0 mm tall X 2-3 mm thick

(nearly equally sided), surface conspicuously
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Fig. 2. Sidalcea gigantea colony at the head oF Little Grizzly Creek, Plumas Co., CA, showing colonial habit and
stature of plants. Scale divisions in decimeters. Plants toward rear of photo are upslope; rod shows stature of

immediately adjacent plants. Voucher: Jaueway & Castro 7698 (CHSC, VT), 1 1 August 2002. Photograph by
Lawrence Janeway.

reticulate-alveolate dorsally and on outer margins
of sides, less so towards axis, margins bulging,

back with obvious groove, a few minute glandu-

lar and/or stellate hairs on top surface, apical

cusp about 1 .0 mm long with a few minute simple

hairs at tip; seed smooth, glabrous, dark brown,
about L5 mm X 1.3 mm X 2 mm tall, often with

a few minute hairs near hilum.

The species produces an extensive rhizome
system and often occurs in dense colonies of

hundreds or thousands of stems in an area as small

as 40 m-. Stems are more scattered where the

species occurs at forest margins or on drier

roadbanks (where there is still significant moisture
nearby). Several populations have been discovered

that extend to 10-20 acres (D. W. Taylor,

botanical consultant, personal communication).

The chromosome number is unknown. This

species normally flowers from mid-July to

September (rarely to October), with peak flower-

ing approximately 25 July 10 August.

Representative specimens: USA. CALIFOR-
NIA. Butte Co.: Flea Valley, T23N R4E S24, 3

Jul 1999, G. Clifton 36019 (J EPS); ca. 4.8 mi S of

Inskip at water supply pond for Sterling City

T24N R4E S21, 31 Jul 1980, R. A. Schlising & R.

Bcmchero 3940 (CHSC); 1.1 mi S of Inskip along

Skyway, 31 Jul 1980, R. A. Schlising & R.

Bamhero 3941 (CHSC); NE of Coyote Gap on
Four Trees Rd T23N R2E S36, 1 1 Jul 1 98 1 , 7?. ^.

Schlising ct cil. 4140 (CHSC); near N end of

Concow Reservoir T22N R4E SIO, 8 Aug 1981,

R. A. Schlising & C. A. Lcmler 4190 (CHSC); N
and E of De Sabla and Lovelock at "Doon
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Fig. 3. Portion of inflorescence of Sidalcea gigautea showing open pistillate flowers. Hampshire Creek watershed,

Yuba Co., CA. Photograph by Roy E. Buck.

Camp" just N of Little West Fork of Feather

River T24N R4E S31, 26 Aug 1982, R. A.

SchUsing 4374 (CHSC); Road 28N35 at a branch
of Wildcat Creek ca. 1 mi N of Four Trees-

Coyote Gap Rd , 1 1 Aug 1998, V. Oswald & L.

Ahart 9466 (UC ); along Fall River, W of the

bridge across Fall River, ca. 6 (air) mi NE of

Feather Falls T21N R7E S27, 22 Jul 1993, L.

Ahart 7083 (UC); West Branch of Wildcat Creek,

about 2 mi NE of Coyote Gap, T23N R6E S30, 3

Oct 1993, L. Ahart 7269 (CHSC, JEFS); Four
Trees Rd 0.6 km N of Coyote Gap, T23N R5E
S35, 11 Aug 2002, L. P. Janeway & B. Castro

7696 (CHSC, JEPS, VT); along Road 24N13
crossing an uppermost small branch of Locker-
man Creek 0.6 km SSW of Logue Meadows
T24N R5E S33, 4 Sep 2005, L. P. Janeway 8534
(CHSC); at Concow Rd crossing of uppermost
Keyser Creek 0.8 km ENE of Bald Mountain
summit, T24N R4E SI 2, 12 Aug 2006, L. P.

Janeway 8838 (CHSC); ca. 2 air mi NE of Stirling

City, Plumas Natl. Forest, 6 Aug 1995, D. W.
Taylor 15379 (JEPS, UC); ca. 3 air mi NE of

Stirling City, near Jackass Flat, Plumas Natl.

Forest, 6 Aug 1995, D. W. Taylor 15380 (JEPS,

UC); ca. 6 air mi E of Stirling City, Keyser Creek,

ca. 1.5 mi S of Bald Mountain summit, Lassen
Natl. Forest, 6 Aug 1995, D. W. Taylor & R.

Fallscheer 15381 (JEPS ); ca. 2 air mi N of Stirling

City, Reston Rd, ca. 1.5 mi SW of Bald
Mountain summit, Lassen Natl. Forest, 6 Aug
1995, D. W. Taylor & R. Fallseheer 15389 (JEPS,

UC ); near Concow Reservoir (ca. 6 air mi E of

Paradise) along Hoffman Rd 0.3 mi W of

Concow Rd, Lassen Natl. Forest, 6 Aug 1995,

D. W. Taylor & R. Fallscheer 15397 (ILLS); Four
Trees Rd (Forest Road 23N00) ca. 0.3 mi N of

Coyote Gap, 22 Jul 2004, D. W. Taylor et al.

19207 (JEPS); Skyway 1.4 mi S of Inskip [Tns-

keep'], 12 Jul 1984, V. Oswald 1569 (CHSC ); N
side of Oroville-Quincy Hwy ca. 1 mi S of Butte -

Plumas Co. line, 21 Jul 1978, M. S. Taylor 1834

(CHSC, MO); road to Bald Mt. ca. V, mi SW of

Bald Mt., ca. 3 mi NE of Stirling City, 16 Aug
1982, M. S. Taylor 4996 (CHSC, MO). Plumas
Co.: N side of road to dam across Slate Creek ca.

100 yds N of Scales Rd ca. 5.5 mi due NE of

Strawberry Valley, 23 Oct 2006, L. Ahart 13461

(CHSC); along the Oroville-Quincy Highway
paralleling Little Grizzly Creek west of Bucks
Lake, 11 Aug 1998, V. Oswald 9482 (CHSC);
Grizzly Forebay at Bucks Lake T24N R6E S34,

31 Jul 1975, F. T Griggs & A. Pass 273 (CHSC);
Oroville-Quincy Highway 1.1 mi W of Little

Grizzly Creek, T23N R7E S7, 15 Aug 1996, L. P.

Janeway 5069 (CHSC, UC); Forest Service Rd
23N18 at Little North Fork Middle Fork Feather

River, 20 Aug 1996, L. P. Janeway 5075 (CHSC,
UC); Oroville-Quincy Highway (and into adja-

cent meadow) 0.5 km W of Road 23N73Y at

head of Little Grizzly Creek, 12 Aug 2002, L. P.

Janeway & B. Castro 7698 (CHSC, VT); between

Road 24N13 and a NE tributary to upper

Lockerman Creek ca. 1.3 km S of Logue
Meadows T23N R5E S3, 4 Sep 2005, L. P.

Janeway 8532 (CHSC); along Road 24N13 along
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the E side of Lynch Meadows T24N R5E S27, 4

Sep 2005, L. P. Janeway 8535 (CHSC); Oroville-

Quincy Highway 0.5 mi W of Forest Service Rd
23N73Y, 16 Aug 1999, B. G Baldwin 1089

(JEPS); Onion Creek headwaters ca. 0.5 air mi
SW of American House, along Forest Rd
21N01Y ca. 0.3 mi W of junction Forest Rd
21N99, 2 Aug 2001, D. W. Taylor 17878 (JEPS).

Shasta Co.: Goose Valley, ca. 4 air mi NW of

Burney, Shasta-Trinity Natl. Forest, W margin of

valley, 2 Jul 1995, D. W. Taylor 15210 (JEPS, UC
); Goose Creek at its debouchment into Goose
Valley (ca. 5 mi NW of Burney), 30 Jul 1995, D.

W. Taylor 75i7^; (ILLS); Highway 299 about 3 mi
W of Hatchet Mountain Pass, tributary to

Hatchet Creek 1 mi W of Carberry Flat, 30 Jul

1995, D. W. Taylor 15372 (ILLS); Hwy 299

2.1 km W of Hatchet Mountain Summit, 8 Sep

1998, V. Oswald & L. Ahart 9568 (CHSC, JEPS);

Hatchet Mountain Pass Hwy 299 T35N R2E S30,

3 Jul 1999, G. Clifton 36018 (JEPS); South Fork
Digger Creek, 0.8 km W of Heart Lake, 24 Jul

1997, D. W. Taylor 16151 (UC). Sierra Co.:, bog
on the N side of Forest Road 20N35 ca. 0.5 mi E
of intersection with County Rd 690 (about 1 air

mi NE of Union Hill), 2 Aug 2001, D. W. Taylor

17889 (JEPS ). Yuba Co.: meadow along Forest

Rd 35 about 2 road mi SW from Union Hill, 2

Aug 2001, D. W. Taylor 17880 (JEPS); ca. 1.7 air

mi S of Sly Creek Reservoir and 5 mi E of

Woodleaf along La Porte Rd 0.1 mi E of Travis

Saddle [topotype], 30 Jul 1998, B. Castro & L.

Gehrimg 818 (CHSC).

Distribution and Habitat

Sidalcea gigantea is found on the western slope

of the northern Sierra Nevada in extreme
northeastern Yuba, western Sierra, eastern Butte

and western Plumas Counties, north to the

extreme southern Cascades in east-central Shasta

Co., CaHfornia. The southernmost known local-

ity is near Hampshire Creek east of Clipper Mills

(Butte Co.) in Yuba Co. The northernmost
known locality is in Goose Valley in east-central

Shasta Co. The north-south extent of its range is

approximately 160 km. Although it is notably

unknown in Tehama Co. in the middle of its

range, much of that area is remote and rugged
and additional populations may eventually be

found in the intervening areas.

Sidalcea gigantea occurs at elevations between
approximately 670-1950 m. The species does not

appear to have very specific substrate preferences,

as it occurs on a variety of sedimentary, igneous,

and metamorphic substrates, including Paleozoic

marine sedimentary rocks, Mesozoic granitic

rocks, Mesozoic ultrabasic intrusive rocks. Pleis-

tocene volcanic andesite. Pliocene volcanic basalt.

Paleozoic metavolcanics, Jurassic-Triassic meta-
volcanics, Pre-Cretaceous metavolcanics, and
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Quaternary glacial deposits (Lydon et al. 1960;

Burnett and Jennings 1962).

Sidalcea gigantea is found at sites that are

relatively mesic but that are usually adjacent to

wetter areas, and it can grow in the open or in

moderate shade. Habitats on labels have included

locations near seeps or springs, sphagnum fens,

streams, wet meadows, and shaded banks in

middle to upper montane coniferous forest

(especially Mixed Conifer Forest), as well as in

drier edges of meadows. It has been collected

most often in moderately moist meadows and
around the margins of wet meadows dominated
by a variety of herbaceous species, and in

ecotonal areas between meadows and montane
coniferous forests dominated by Finns ponderosa

C. Lawson, Calocedrus decnrrens (Torr.) Florin,

Pseudotsuga menziesii (Mirb.) Franco, Abies

concolor (Gordon & Glend.) Lindl. ex Hildebr.,

and Qnercus kelloggii Newb. Occasionally it

occurs in openings in and around the margins
of red fir forest dominated by Abies magnijlca A.

Murray, aspen forest dominated by Populus
trenndoides Michx., or in riparian forest domi-
nated by species such as Salix lasiolepis Benth.

and Acer macrophyllum Pursh. It sometimes
occurs along stream banks and it sometimes
grows in disturbed areas, including roadside

ditches, road banks, and graded areas, though
with a stream or meadow nearby.

Identification and
Taxonomic Relationships

Sidalcea gigantea when well-developed is easily

distinguished from the other species of Sidalcea.

It is the one of the largest in stature of all of the

species, with stems to 2.5 m tall. It is also

distinctive in producing an extensive rhizome
system that sometimes gives rise to dense,

concentrated colonies of hundreds or even
thousands of stems (Fig. 2), although stems are

sometimes more scattered or limited. Additional

characters, in combination, also serve to distin-

guish S. gigantea from the other taxa of Sidalcea,

including: 1) long (to 0.6 m), thick (to 1.0 cm in

diameter) rhizomes that are bristly-pubescent

when young; 2) stem bases with many long,

retrorse, bristly hairs; 3) thick (to 1.4 cm in

diameter), hollow stems; and 4) fruit segments

that are almost equally three-sided.

This new species has been confused most
frequently with Sidalcea nudviflora subsp. celata

(Jeps.) C. L. Hitchc. { = S. celata (Jeps.) S. R. Hill)

and S. malvijlora subsp. asprella (Greene) C. L.

Hitchc. ( = 5*. asprella Greene), both of which
were included within 5". nudviflora subsp. asprella

by Hill (1993) and are now treated as distinct

species (Hill 2009). Several Sidalcea species can
reach heights of more than 1 m, and a few tend to

reach 1.5 m and above (Hitchcock 1957),

CLIFTON ET AL.: SIDALCEA GIGANTEA
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including 5". campestris Greene (Willamette Val-

ley, OR), S. Candida A. Gray (CO, NM, UT,
WY), S. ciisickii Piper (western OR), S. mala-

chroides (Hook. & Arn.) A. Gray (coastal CA
and OR), S. neoniexicana A. Gray (ID and
eastern OR to CA, CO, south to northern

Mexico), S. oregana subsp. spicata (Regel) C. L.

Hitchc. (CA, OR, NV), and S. oregana subsp.

valida (Greene) C. L. Hitchc. (Sonoma Co., CA).
Some of these have stems that can infrequently

attain 1 cm in diameter and are somewhat hollow

at this size, but their other characters do not

match those of the new species. Schlising (1987)

treated specimens now identified as S. gigantea as

S. mahiflora subsp. celata, but Oswald (2002)

recognized them as an unnamed taxon. As
interpreted by Oswald (2002) and as currently

recognized, S. celata { = S. nialviflora subsp.

celata) is restricted to a small area of southwest-

ern Shasta Co. and adjacent northern Tehama
Co. within the Inner North Coast Ranges. Its

range does not overlap that of S. gigantea.

Sidalcea asprella, as recognized by Hill (2009),

is more widespread, ranging at least from the

central Sierra Nevada in Mariposa Co. north-

ward to southwestern Oregon (including portions

of the northern Sierra Nevada, southern Cascade
Ranges, and Klamath Ranges), a range that

either includes or is adjacent to that of S.

gigantea. Within the area of overlapping range,

S. asprella can be distinguished from S. gigantea

by its shorter stature (normally <1 m), its

ascending-supported, often decumbent-based
stems, generally by its less free-rooting short

rootstocks or rhizomes generally <10 cm (to 1

1

30 cm) long, and by a stem base with minute or

larger stellate (not simple) hairs.

An early monograph by Roush (1931) would
place this new species within Sidalcea Subgenus
Eusidcdcea Section Perennes. A revised treatment

of Sidalcea in North America (north of Mexico)
is being produced for the Flora of North America
series by one of the co-authors of this article

(Hill) and a discussion of species alignments will

be presented there along with a revised nomen-
clature. Most recently, S. gigantea has been
grouped with putatively related taxa within an
informal 'asprella'' or 'celata' group (Andreasen
and Baldwin 2001, 2003a, b). According to

Katarina Andreasen (Uppsala University, per-

sonal communication), who along with Bruce
Baldwin has studied the DNA of most of the

species of Sidalcea (Andreasen and Baldwin
2001), ''There are essentially no differences

between the [molecular] sequences in this 'celata'

group". Sidalcea gigantea was discussed again in

subsequent molecular phylogenetic studies of

Sidalcea that utilized internal and external

transcribed spacers (ITS and ETS) of 18S-26S
nuclear ribosomal DNA (Andreasen and Bald-

win 2003a, b). Among the specimens studied by
Andreasen and Baldwin were four samples
(Baldnin 1089^ Clifton 36018. Clifton 36019, all

at JEPS, and Oswald 9466 at UC) of the then

unnamed S. gigantea, and they could not be
separated significantly from samples of other

species in this grouping, including S. asprella,

based on their DNA sequences (Andreasen and
Baldwin 2003a). This study placed S. gigantea in

a well-supported "asprella clade" that also

included S. asprella and S. celata (cited in the

paper as 'asprella 4'), as well as what they called

5". maxima M. Peck, S. hirtipes C.L. Hitchc, S.

campestris Greene, and a putative hybrid, S.

asprella X S. oregana (Torr. & A. Gray) A. Gray
subsp. oregana. These studies also placed the

"asprella clade" within a larger "glaucescens

clade" that contained, in addition to the above
taxa, S. glaucescens Greene, S. multifida Greene,

S. robusta A. Heller, and another sample of S.

asprella.

The following key serves to distinguish Sidal-

cea gigantea and the other perennial Sidalcea taxa

found within or near its range in northeastern

California (including the following counties:

Butte, Nevada, Plumas, Shasta, Sierra, Tehama,
and Yuba). Names used are according to Hill

(2009).

1. Mericarp macro 0; calyx bractlets 3; leaves generally evenly arrayed on stem both early and late in season

(not mostly on lower stem or basal), similar in shape and unlobed [Nevada Co. only]

5". stipukiris J. T. Howell & True
r Mericarp mucro 1 (occasionally minute); calyx bractlets 0; some leaves located on lower stem or stem base

at least early in season (or not), occasionally rosette-like, basal leaves crenate, leaves above generally

deeply lobed

2. Plants (l-)1.5-2(-2. 5) m tall, with rhizomes to (0.5-)l cm in diameter, 4-6 dm long, bristle-hairs reflexed;

stem base erect, hollow, with dense reflexed bristles; mericarp ± equilateral

S. gigantea G. Clifton, R. E. Buck & S. R. Hill

2' Plants generally less than 1(-1.5) m tall, with or without rhizomes, if present these generally less than

1 cm in diameter; stems solid (hollow), hairs variable, occasionally bristle-like or lacking; mericarp

equilateral or not

3. Mericarp narrowly wing-margined, generally glabrous; stem erect, glabrous, glaucous above;

[Butte Co. only] S. robusta Heller ex E. M. Roush
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3' Mericarp not wing-margined, generally pubescent; stem erect or not, usually pubescent

(sometimes sparsely so), glaucous or not

4. Stems long-prostrate, free-rooting, base with bristle-hairs 2 3 mm long, 0 stellate; leaf hairs

simple; mericarps densely bristly stellate-puberulent on top, back, and/or mucro; [Nevada Co.

and south] S. reptaus Greene
4' Stems not long-prostrate nor very elongate and free-rooting, more compact, base with shorter

bristles or hairs stellate; leaf hairs various; mericarps sparsely puberulent to nearly glabrous

5. Stems ascending to sprawling, not strictly erect from base; plant height usually 0.5 m or less

6. Stems not rooting at base; plants very glaucous; stem base glabrous to sparsely

stellate-pubescent; basal leaves few, generally 5-lobed; mericarps glandular-pub-

erulent S. glaucesceus Greene
6' Stems commonly rooting at base; plants scarcely if at all glaucous; stem base stellate-

pubescent; most leaves basal, generally 7-lobed; mericarps with few minute bristles

S. asprella Greene subsp. nana (Jeps.) S. R. Hill

5" Stems usually erect from base; plant height 0.8 m or more
7. Stems several, clustered, erect and not rooting at base; flowers relatively small;

inflorescence not secund, often congested; petals of bisexual flowers 1.0 1.5 cm long

8. Open flowers and fruits often not overlapping on axis; calyx hairs uniformly

stellate; bud bracts equal to or shorter than buds
S. oregana (Torr. & A. Gray) A. Gray subsp. oregaiui

8' Open flowers and fruits usually overlapping on axis; calyx hairs uniformly stellate

or often with some bristles; bud bracts usually longer than buds
5". oregana subsp. spicata (Regel) C. L. Hitchc.

7' Stems few or one, erect or ascending, rooting at base or not; flowers larger;

inflorescence often secund, not congested; petals of bisexual flowers 2-2.5 cm long

9. Plant with caudex, stem bases not rooting, rhizome 0; stem generally erect, free-

standing, base with stiff reflexed bristle- (coarse few-rayed stellate) hairs; leaves

lobed, differing in shape, uppermost with linear entire or semi-entire lobes;

[Shasta, Tehama cos. only] S. cclata (Jeps.) S. R. Hill

9' Plant with caudex or not, gen with short rooting stem bases or rhizomes < 10 cm
(to 30 cm); stems often weak, supported by other plants, base with minute or

larger stellate hairs; leaves generally lobed and all similar in shape, lobes generally'

toothed; [more widespread, Humboldt to Mariposa cos.]

S. asprella Greene subsp. asprella

Rarity and Conservation Status

Sidalcea gigcmtea is endemic to California.

Colonies are generally local, and although more
than forty collections are known, many are from
the same few colonies. Sidalcea gigantea also

appears to be a species with ecologically special-

ized microhabitat preferences that are probably
largely detemiined by a specific soil moisture

regime. Observations also suggest that the species

increases or becomes more robust after fire (D.

W. Taylor, personal communication). Fires may
be, at least in part, responsible for its occurrence

in localized populations. Suitable habitat is

widely scattered but limited in extent within the

species' range, but there appears to be additional

apparently suitable habitat within its range from
which the species is absent.

IVIost of the known localities of Sidalcea

gigantea are relatively undisturbed. The species

appears to tolerate limited surface disturbances

that do not substantially damage the rhizome
system. It can colonize some roadside areas, but
these plants are somewhat depauperate and there

is no evidence that the species is tolerant of
extensive or prolonged disturbance that results in

significant soil disruption. It is likely to appear
after fires from the soil seed bank. Logging
operations and associated road building or road
maintenance and improvement near moist drain-

ages, especially where plants are near road
margins, could threaten some populations. Much
additional study is needed.

Given the known distribution of Sidalcea

gigantea, the remoteness of many known locali-

ties, and the nature and level of potential threats

to the species, this species should not be

considered endangered at present. It is, however,

uncommon and local enough that its status

should be monitored. We recommend that S.

gigantea be considered for inclusion on List 4

(Plants of Limited Distribution—A Watch List)

of the California Native Plant Society's (CNPS)
Inventory of Rare and Endangered Vascular

Plants of California (CNPS 2001, 2008).
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NOTEWORTHY COLLECTIONS

1 California

Dasya sessilis Yamada (DASYACEAE).—San
Diego Co., attached to floating docks at 4000

Coronado Bay Rd., Coronado Cays, Coronado Bay,

San Diego, 32 37'50.75"N, 117 08'00.75"W, thalli

tetrasporic, 28 December 2008, J. R. Hughey s. n.

(UC 1944736, UC 1944737); same location', thalli

cystocarpic, 28 November 2009, /. R. Hughey s. u.

(UC 1944757); Orange Co., attached to vertical faces of

concrete pilings from 0 to 3 m and on floating docks,

Huntington Harbor, Huntington Beach, 33 43'20.

748"N, 118°03'21.8874"W, thalli tetrasporic, 23 August

2006, A. Lyman s. u. (UC 1944739); Los Angeles Co.,

attached to vertical sides of concrete pilings and wood
on floating docks. Long Beach, 33 '46'36.012"N,

118°12'37.8354"W, thalh tetrasporic, 26 February

1976, R. Setzer s. u. (AHFH 81053 in UC [UC
1846061]) as D. pedicellata var. stanfordiana (Farlow)

Dawson); same location, 24 August 2006, A. Lyman s.

n. (UC 1944738).

Previous knowledge. Native to Japan (Y. Yamada
1928, Scientific reports of the Tohoku Imperial

University 4:497-534), type locality: Asamushi, Fu-
tago-Jima, Oshima, Benten-Jiwa, Pacific. Also reported

from Korea (Y. Lee and S. Kang 2001, A catalogue of

the seaweeds in Korea, pp. 1-662) and the Philippines

(P. C. Silva et al. 1987, Smithsonian Contributions to

Marine Sciences 27:1-179). Introduced to France via

oyster importation (M. Verlaque 2002, Phycologia

41:612-618), Spain via mussel cultivation (V. Pefia

and I. Barbara 2006, Anales del Jardin Botanico de

Madrid 63:13-26), and Portugal, by an unknown vector

(R. Araujo et al. 2009, Botanica Marina 52:24^6).
Fertile tetrasporophytes of the invasive D. sessilis were
collected in abundance in France from June to

December and in Spain year round. Sexual plants from
France and Spain were reported from March to

October.

Significance. First report of D. sessilis from the

northeastern Pacific. Specimens from San Diego,

Huntington Harbor, and Long Beach were in good
morphological and anatomical agreement with illustra-

tions of this species (Yamada, loc. cit.; Verlaque, loc.

cit.; Pefia and Barbara, loc. cit.). The tetrasporophytic

plants from San Diego were conspicuous, growing up to

15 cm high, forming bushy thalli with fuzzy axes and
laterals. Dasya sessilis is distinguishable from the native

species, D. sinicola var californica (Gardner) Dawson,
by having wider axes (2+ mm vs. 0.5-1.4 mm).
Identification was confirmed by analysis of part of the

cytochrome oxidase subunit 2 and 5S RNA genes, and
the coxl-cox'i intergenic spacer of the mitochondrial

genome on a specimen from San Diego (GenBank
GU473263). The resulting 198 bp (base pair) fragment
was identical in sequence to the invasive Mediterranean
specimen of D. sessilis, but differed from D. haillouviana

by 12 bp. A sequence from a Dasya specimen from
Coyote Point, San Francisco Bay (GenBank
GU473264) differed from D. sessilis by 6 bp. Additional

confirmation was obtained from the ribulose-1, 5-

biphosphate carboxylase/oxygenase [rbc'L) gene from
the Huntington Beach and Long Beach specimens

which was identical to D. sessilis from San Diego
(GenBank GU473265 GU473267).

Grateloupia lanceolata (Okamura) Kawaguchi
(HALYMENIACEAE).—San Diego Co., attached to

floating docks at 4000 Coronado Bay Rd., Coronado
Cays, Coronado Bay, San Diego, 32 37'50.75"N,

117 08'00.75"W, thalli tetrasporic and sterile, 28

December 2008, J. R. Hughey s. n. (UC 1944744); same
location, 27 July 2009, /. R. 'Hughey s. n. (UC 1944743,

UC 1944742); Ventura Co., on docks. Port Hueneme,
34 08'59.964"N, 1 19 12'36.0354"W, thallus tetrasporic,

26 July 2006, A. Lyman s. n. (UC 1944741); San
Francisco Co., attached to floating docks at the San
Francisco Marina, San Francisco, 37 47' 14.37"N,

122'26' 18.90"W, thalli tetrasporic, procarpic, and
sterile, 15 September 2009, K. A. Miller s. n. (UC
1944746-UC 1944748).

Previous knowledge. Native to Japan (K. Okamura
1934, Icones of Japanese algae 7:42), type locality: Kii

Province, Enoshima, Tateyama, Kazusa, Pacific. Re-
ported from the Mediterranean, Thau Lagoon, France
(M. Verlaque 2001, Oceanologica Acta 24:29^9) where
it was likely introduced in the 1970s with the

importation of the Japanese oyster (M. Verlaque et al.

2005, Phycologia 44:477-496). Specimens of G. lanceo-

lata from France were collected from March to

December, and reported to have established large,

reproductive populations (Verlaque et al., loc. cit.).

Recently, fertile material of G. lanceolata was discov-

ered in southern Cahfornia at Santa Catalina Island in

the spring of 2003 and 2008, and in central Cahfornia at

the mouth of Elkhorn Slough in Moss Landing in May,
June, and July of 2008 (K. A. Miller et al. 2009,

Phycological Research 57:238-241). Miller et al. {loc.

cit. ) speculated that mariculture of oysters played a role

in the introduction of G. lanceolata, which might be

growing cryptically at other sites in California, Oregon,

and Washington.

Significance. Discovery of G. lanceolata at three new
localities in California. Thalli of G. lanceolata exhibited

considerable morphological variation depending on age

and collection locality. The mature specimens collected

in San Diego in December were approximately 20 cm
high and 3 cm wide, with uniformly dark red blades that

forked once or twice above, and lacked epiphytes.

Juvenile specimens from San Diego collected in July

matched the description above, however mature thalli

were pigmented brown to black with fully to partially

eroded blades, and covered with diatoms and bryozo-

ans. The fronds from Port Hueneme were dark red and
expanded to 20 cm high and 5 cm wide, linear to lobate

in shape with a few marginal proliferations, and covered

with epiphytic bryozoans. Mature thalli collected from
San Francisco were 100 cm high and 40 cm wide and
uniformly dark red brown, bullate and with proliferous

margins, and often found covered with non-native

tunicates. Grateloupia lanceolata is distinguishable in

harbors and bays from the native species in California,

G. californica Kylin, by having thicker blades at

maturity (600 |im-l mm vs. 400 700 |am), a darker

color (dark red vs. greenish-brown), and medullary

filaments that run anticlinally and periclinally in
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direction vs. predominantly periclinally in G. califor-

iiica. Identification was confirmed using Internal

Transcribed Spacer- 1 (ITS-1) sequences. The ITS-1

sequence (GenBank GU339499) obtained from G.

kmceolata from San Diego differed by one nucleotide

from eight identical sequences of G. kmceolata from
other locahties: Port Hueneme (GenBank GU339500),
San Francisco (GenBank GU339501 GU339503),
Thau Lagoon, France (GenBank AF412010 and
AF412011), Santa Catalina Island (GenBank
FJO 13039), and Moss Landing (GenBank FJO 13040).

Although oyster spat was implicated in past introduc-

tions of G. lauceokita, it is unknown at this time if

mariculture, international shipping via ballast water, or

hull fouling by coastal shipping vessels are the

responsible vectors. These collections support the

speculation of Miller et al. {loc. cit.) that G. kmceokita

was introduced to harbors from southern to northern

California, and is growing undetected among native

Californian species.

Grateloupiaturuturu Yamada (HALYMENIA-
CEAE).—Santa Barbara Co., attached to docks in the

Santa Barbara boat harbor, 34 24'27.90"N,

119 41'32.40"W, thalli tetrasporic and cystocarpic/

spermatangial, 1 August 2009, /. R. Hughey s. n. (UC
1944749, UC 1944750).

Previous hwwkdge. Native to Japan and Korea, type

locality: Muroran, Hokkaido, Pacific (Verlaque et al.,

loc. cit.). Grateloupia turuturu was first reported outside

of its native range in 1973 in Portsmouth, England (W.
F. Farnham and L. M. Irvine 1973, British Phycological

Journal 8:208-209). Since then, it has invaded the

northwest Atlantic, France, The Netherlands, Portugal,

Spain, the Canary Islands, the west coast of Africa from
Mauritania to Namibia, Tasmania, New Zealand,

Russia, and much of Asia (M. D. Guiry and G. M.
Guiry, AlgaeBase. World-wide electronic publication.

National University of Ireland, Galway. http://www.

algaebase.org; [accessed 27 October 2009]). Earlier

reports of this species in the Atlantic were incorrectly

identified as G. cloryphora (Montague) M. A. Howe by
Farnham and Irvine (loc. cit.) and M. Villalard-

Bohnsack and M. H. Harlin (1997, Phycologia

36:324^328). B. Gavio and S. Fredericq (2002, Europe-
an Journal of Phycology 17:349-359) were the first to

show that G. turuturu was the correct name to apply to

the species invading the Atlantic. Grateloupia turuturu

spreads by spores contained in the ballast water of ship

hulls (Villalard-Bohnsack and Harlin, loc cit.). Once the

ballast water is discharged, the spores germinate and
thrive in varied environments, including waters that are

nutrient enriched and those that fiuctuate in salinity and
temperature. Based on the aggressiveness of this marine
alga, as well as its presence in major shipping ports, G.

turuturu was predicted to spread throughout North
America and the rest of the world (C. Simon et al. 1999,

Botanica Marina 42:437^40). Grateloupia turuturu is

characterized as having simple blades that are pinkish

to maroon in color, lubricous in texture, ruffied on the

margins, and growing in clumps of 5-12 (Verlaque et

al., loc. cit.).

Significance. First report of G. turuturu in the

northeastern Pacific. Specimens from Santa Barbara
representing both tetrasporangial and gametangial

thalli were in good morphological and anatomical

agreement with illustrations of this species (Gavio and
Fredericq, loc. cit.; Verlaque et al., loc. cit.). Sporo-

phytic thalli are linear in shape, while gametophytes are

suborbicular in outline. In contrast to G. californica and
G. kmceolata (refer to anatomical comparison above),

G. turuturu has relatively thin blades (200 |Lim-350 |J.m),

loosely interwoven, predominantly anticlinally arranged
medullary filaments, and a phenology where growth
and spore production take place in the fall. Identifica-

tion was confirmed on two of the Santa Barbara
specimens using ITS-1 (GenBank GQ499329 and
GQ499330) and rbch gene sequences (GenBank
GQ499331 and GQ499332). DNA sequences from
specimens from Santa Barbara were identical to

previously published sequences of G. turuturu from
Japan and Korea, and to introduced specimens from
New Zealand, North America, Britain, and France.

In Santa Barbara, G. turuturu was found attached

growing on the docks in a harbor with 1,133 slips that

accommodates resident house and pleasure boats, and
traveling sail boats and yachts. Since G. turuturu was
growing in this rather small harbor, it is likely that this

seaweed was introduced by traveling boaters, rather

than by commercial shipping vessels. If this is the case,

Santa Barbara is not hkely the site of primary
introduction. It is more probable that G. turuturu was
first established in a larger shipping port, then

secondarily introduced via sail boat by ballast water
or by attachment to the hull, although an analysis of the

latter mode of introduction by recreational yachts was
found unlikely (F. Mineur, M. P. Johnson and C. A.

Maggs 2008, Environmental Management 42:667-676).

Thorough surveys in the nearby marinas of San
Francisco, Newport, and San Diego may support this

hypothesis. Based on how rapidly G. turuturu has

spread globally and this report of its newly recognized

presence in California, this species should be considered

the most invasive red seaweed on the planet.

Neosiphonia harveyi (J. W. Bailey) M.-S. Kim,
H.-G. Choi, Guiry and G. W. Saunders (RHODOME-
LACEAE).—Humboldt Co., attached to the underside

of floating wood docks and on the vertical sides of

concrete pilings 0 to 6 m in depth, Humboldt Bay,

40 48'25.344"N, 124 09'59.8674"W, thallus tetrasporic,

8 August 2006, A. Lyman s. n. (UC 1944754).

Previous knowledge. Native to Japan; introduced to

Norway, British Isles, Atlantic Europe, New Zealand,

east coast of North America from Newfoundland to

North Carolina (L. Mclvor et al. 2001, Molecular

Ecology 10:911 919) and Florida (D. S. Littler et al.

2008, Submersed plants of the Indian River Lagoon,

286 pp.); lectotype locahty: Stonington, Connecticut,

USA (C. A. Maggs and M. H. Hommersand 1993.

Seaweeds of the British Isles. Volume 1. Rhodophyta.
Part 3A. Ceramiales, 444 pp.). In California, Mclvor et

al. (loc. cit.) identified a specimen collected in 1994 from
Monterey Bay as Polysiplwnia acunu'tiata Gardner. This

specimen shared the same rhcL haplotype (i.e., haplo-

type F) as that from invasive specimens of Neosiphonia

harveyi from New Zealand and North Carolina, and is

closely related to a haplotype from Honshu, Japan.

Significance. Second report from northeast Pacific

Ocean and California, approximately 650 km north of

original range. This inconspicuous seaweed is easily

overlooked or mistaken for native species. The thallus is

distinguished from other taxa by the following charac-

teristics: up to 5 cm tall, dark red, 4 pericentral cells,

trichoblasts, and tetraspores that occur in spiral series.

Identification of the Humboldt sample was confirmed



009] NOTEWORTHY COLLECTIONS 295

by analyzing a portion of the rhcL gene. The nucleotide

rbcL sequence (GenBank GU339504) generated from

the Humboldt specimen was identical to a specimen of

A^. luirveyi from Akkeshi, Hokkaido, Japan (GenBank
AF34296l). Both the Humboldt and Akkeshi sequences

contain a genetic marker (A ^ G at position 231) that

Mclvor et al. {loc. cit.) defined as diagnostic for

haplogroup B. These data support a second, unrelated

introduction of A^. harveyi to California. Oyster culture

is a likely vector for seaweed introductions (F. M incur

et al. 2007, Biological Conservation 137:237-247). The
history of oyster farming in California has been

reviewed by E. M. Barrett (1963, Fish Bulletin 123.

The California Oyster Industry. UC San Diego: Scripps

Institution of Oceanography Library. Website http://

escholarship.org/uc/item/1870g57m). In 1896, adult

eastern oysters, Crcissostrcci virgiuica, were imported

from New York populations experimentally and raised

in Humboldt Bay, but failed by 1912. They were again

imported from the east coast from 1935 until the early

1940s. Since 1902, the Pacific oyster, Crassostrea gigas\

was imported from various sites in Japan to oyster

farnis in Puget Sound, Washington. In 1928, the first

experimental planting of Pacific oysters in California

was made by the California Department of Fish and
Game in Tomales Bay, with several other experimental

plantings following in the early 1930s. According to P.

S. Galtsoff (1930, Oyster industry of the Pacific coast of

the U. S. Report U. S. Commissioner Fisheries, pp. 367-

400), oysters from Akkeshi Bay were deemed the best

adapted for transplanting to North America. However,
the decision to exclude Pacific oysters from Humboldt
Bay, the largest California bay available for oyster

culture, delayed the state's development of the industry.

Importation of the Pacific oyster from Japan to

Humboldt Bay was initiated in 1953, and in 1957-58,

Pacific oyster spat were imported from Willapa Bay,

Washington to Humboldt Bay. Large scale production

of Pacific oysters in Humboldt Bay began in 1955 and
has continued to be an important industry. Although it

is clear from our work that Neosiphonia luirveyi in

Humboldt Bay originated in Japan, the trajectory of the

introduction is unknown. It may be primary (directly

from Japan to California), secondary (from Japan to

the east coast of the U.S. or to Washington, thence to

California) or even tertiary, since oysters from San
Francisco Bay were exported to Humboldt Bay
(Barrett, loc. cit.).

Specimens collected by A. Lyman were gathered as

part of a California Department of Fish and Game/
Office of Spill Prevention and Response project funded
through the Introduced Species Study (Grant
Number P08 75029).

—Jeffery R. Hughey, Department of Science and
Engineering, Hartnell College, Salinas, CA 93901;

Kathy Ann Miller, Herbarium, University of

California, Berkeley, CA 94720-2465; and Ashleigh
Lyman, Marine Pollution Studies Laboratory, Moss
Landing Marine Laboratories, Moss Landing, CA
95039; jhughey(a'hartnell.edu.

New Mexico

BOERHAVIA PTEROCARPA S. Watson (NYTAGINA-
CEAE).—Luna Co., disturbed ground near an isolated

house at 5165 Veranda Rd. SE, near Deming, NM,
about 1.5 miles S and 3 miles E of the Luna County
Courthouse, 32 1 1.558'N, 107 26.091 'W, elev. 1314 m.
26 Aug 2009, Jercinovic 917 (NMC, UNM).

Previous knowledge. Boerliavia pterocarpa occurs

sporadically from southern Arizona (Cochise, Pima, and
Yuma Counties) into northeastern Sonora in Mexico.

Significance. First U.S. report of this taxon outside of

Arizona. The owner of the residence mentioned above
has attended Master Gardener conferences in Sierra

Vista, AZ, and purchased plants there. It is quite

possible that the arrival of this Boerliavia in New
Mexico is related to these purchases.

—Eugene M. Jercinovic, 6285 Algodon Rd. SW,
Deming NM 88030. gjercinovic(a)earthlink.net.
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PRESIDENT S REPORT FOR VOLUME 56

Dear CBS member,

I am honored to provide my first President's Report for

tiie Society. Dean Kelch has transitioned to the Past

President's position. CBS Recording Secretary Nishanta

Rajakaruna has accepted a new position in Maine. When
he leaves, Mike Vasey, a former President, will step in to

take his place as Recording Secretary. Although he will be

residing in Maine most of the year Dr. Rajakaruna will

continue his research on Lasthenia and other California

plants. Andrew Doran (1st Vice President), Rod Myatt

(2nd Vice President), Heather Driscoll (Corresponding

Secretary), Kim Kersh (Membership Chair) and Tom
Schweich (Treasurer) continue as officers of the Society.

Other members of the Council included Staci Markos,

Ellen Simms, Chelsea Specht and the Graduate Student

Representative Ben Carter. Thank you Susan Bainbridge

for your work as Webmaster this past year. The Editors of

Madroiio, Rich Whitkus and Tim Lowrey, make up the

remainder of the Board.

This is the first volume of Madrono edited by Drs.

Whitkus and Lowrey, and they are quickly bringing the

journal back under control and on time after a transitional

year. They have brought a commitment to quality and

professionalism that gives all of us confidence in the future

of the journal.

The past year was an active time for the Board of the

California Botanical Society. The Board this year is

moving to bringing the Society totally online through the

website. We hope to provide members with electronic

access to the journal in upcoming months. Submissions of

manuscripts and reviews have already converted to online

submission to some extent, but may move entirely to

electronic processing in the near future, along with

membership renewals and other functions. We're excited

by this process but are moving carefully to ensure

sustainability of these improvements. Meanwhile, we also

are working on getting all past issues of Madrono available

through an electronic journal access website. So many
classic articles are hiding in the older issues, from floras

and species treatments, to insightful papers on ecology and

evolution; electronic access to these articles would raise the

status of the journal as well as providing us all great insight

into our history as botanists of western North America.

As I write this, the Annual Banquet and Graduate
Student Meeting at San Jose State University have already

occurred. These were both quite successful with a fantastic

talk by Doug Schemske from Michigan State University

on studies of adaptation and speciation. We congratulate

Susie Woolhouse (SJSU graduate student) and Rod Myatt
for their exceptional work organizing this successful

meeting. In fact, the graduate student talks and posters

were so excellent at this meeting the judges could not agree

which were the best talks for awards, so we ended up with

multiple awards. Winners were Brian Anacker (UC Davis),

Naomi Fraga (Rancho Santa Ana), Jennifer Goropse (San

Jose State), Dena Grossenbacher (UC Davis), Matt
Guilliams (UC Berkeley), Kristen Hasenstab-Lehman
(Rancho Santa Ana), Stephanie Porter (UC Davis) and
Jenn Yost (UC Santa Cruz). Congratulations to you
all.

Our membership base is the foundation of the Society

and your support allows us to promote botanical research

and education. Increasing our membership is thus a

priority, so please continue to encourage your colleagues

to join us and to publish in Madroiio. Please consider

providing a sponsoring membership or subscription to a

foreign scientist or scientific institution to support botan-

ical research in economically depressed, developing

countries. For more information on making such a gift,

please contact Corresponding Secretary Heather Driscoll

(hdriscoll(a)berkeley.edu). The Society also welcomes gifts

or other contributions to our endowment.

Finally, I note that the Society reaches its centennial year

in 2015, which is not that far away. The Board has already

begun considering ideas about how to celebrate that event.

We're open to ideas from the membership, so as you come
up with them, please pass them along to board members.

V. Thomas Parker

December 2009
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EDITORS^ REPORT FOR VOLUME 56

We are pleased to report the publication of this volume

of Madrofio by the California Botanical Society (CBS) in

2009. The journal is continuing to work towards a timelier

rate of publication with turnaround time in the past year

having averaged six months. As always, we are extremely

grateful to all the individuals who serve are reviewers and

contribute to the quality of the articles.

This year we received 36 new manuscripts and 35 were

accepted for publication. Several manuscripts were also

carried over from the previous year. The current volume
includes 28 articles (including Notes), five new taxa, 18

Noteworthy Collections, and three Book Reviews. There

was a mix of systematic and ecological manuscripts

submitted. Many of the systematic manuscripts incorpo-

rated current molecular techniques and data as well as

cutting edge data analysis methods. It is notable that

manuscripts reporting taxa new to science are being

submitted on a regular basis.

As Editors, we have enjoyed our interactions with

contributors and reviewers this past year and look forward

to another year of continuing the long and distinguished

tradition in botanical publication represented by Madroiio.

Tim Lowrey
Richard Whitkus
December 2009
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INDEX TO VOLUME 56

Classified entries: major subjects, key words, and results; botanical names (new names are in boldface); geographical

areas; reviews, commentaries. Incidental references to taxa (including most lists and tables) are not indexed separately.

Species appearing in Noteworthy Collections are indexed under name, family, and state or country. Authors and titles

are hsted alphabetically by author in the Table of Contents to the volume.

Achillea filipenduliua. noteworthy collection from MT, 67.

Ajuga reprans, noteworthy collection from MT, 67.

AlicieUa triodoiu noteworthy collection from ID, 130, and

OR, 132.

Alkali meadow, effects of fire and groundwater extraction

on habitat, 89.

Alliaria petiolata, noteworthy collection from MT, 67.

Amphicarpaea bracteata, noteworthy collection from

WY, 134.

Anoda pentaschista, naturalized in CA, 110.

Araceae (see Peltandra)

Arceuthobium abietinum subsp. wiensii, new subsp., 118;

A. oaxacanum and A. rubrum in Mexico, 99.

Arctostaphylos: A. viscida, ecology and growth in

ponderosa pine forest in southwest OR, 238.

Noteworthy collection: A. rainbowensis from CA, 212.

Asteraceae: Hazardia orcuttii, soil community character-

istics, 237; Hedeoma todsenii, in vitro propagation,

cryopreservation and genetic analysis, 221; HolocarpJia

rnacradenia, effect of terrestrial mollusc herbivory in

CA coastal prairie, 1.

Noteworthy collections: From CA: Hesperevax acaulis

var. ambusticola, 212 from ID: Prenanthella exigua,

130; from MT: Achillea fiUpendulina, Symphyotri-

chum molie, 67.

Astragalus: A. Jaegerianus, effects of dust deposition on
growth and physiology, 81.

Noteworthy collections: A. diversifolius from WY, 134;

A. tenellus from OR, 132.

Boerhavia pterocarpa, noteworthy collection from NM,
295.

Boraginaceae: New taxon: Phacelia hubbyi, 205.

Noteworthy collections: Cryptantha gracilis from OR,
133; Plagiobothrys salsus from MT, 67.

Brassicaceae: Streptanthus harbiger and iS. vernalis

relationship, 43.

New taxon: Streptanthus oblanceolatus, 127.

Noteworthy collections: From MT: Alliaria petiolata,

67; from OR: Caulcmthus crassicaulis, 132, Pliysaria

cohreusis, 131.

Bromus rubeus (see Coleogyne)

Bryophyta: Amblystegiaceae (see Liwbella)

California: Alkali meadow, effects of fire and groundwa-
ter extraction on habitat, 89; Astragalus Jaegeriamis,

effects of dust deposition on growth and physiology,

81; Chorizantlie parry i var. fernandina, reproductive

biology, 23; C. subsection pungentes molecular phylog-

eny with emphasis on the C. pungens-C. robusta

complex phylogeography, 168; Emerald Lake Basin,

Sequoia Nat. Park, plant communities and fioristic

diversity, 184; Eriogonum parvifoliwn, extreme root

proliferation, 58; Eucalyptus, diversity, reproduction

and potential invasiveness, 155; Hazardia orcuttii, soil

community characteristics, 237; Holocarpha macrade-
nia, effect of terrestrial mollusc herbivory in coastal

prairie, 1; Jepson, Willis, and his "Phyto-jogs'\ 49;

Juglans californica and Juniperus californica, historical

range extensions Rancho Muscupiabe, San Bernardino

Co., 199; Juncus niargiuatus, status in CA, 283; Mal-
vaceae, notes on taxa, including nomenclatural changes

and additions to the fiora, 104; Pine Hill, El Dorado
Co., vegetation and flora of a biodiversity hot spot,

246; plant community water use and invasibility of

semi-arid shrublands by woody species, 213; streamside

revetment effect in Sequoia sempervirens forests, 71;

Streptanthus barbiger and S. vernalis relationship, 43.

New Taxa: Phacelia hubbyi,205; Sidalcea asprella

subsp. nana, S. calycosa subsp. rhizomata, S. celata,

S. sparsifolia, new combinations, 104; S. gigantea,

285; Streptanthus oblanceolatus, 127.

Noteworthy collections: Arctostaphylos rainbowensis,

212; Cotoneaster frigidus, C. horizontalis, 64; Dasya
sessilis, Grateloupia lanceolata, G. turuturu, 293;

Hesperevax acaulis var. ambusticola, 212; Juncus

anthelatus, 130; /. falcatus subsp. sitchensis, J.

interior, 65; /. nevadensis var. inventus, 66; J.

planifolius, 1 30; Geranium yeoi, 1 30; Lepechinia rossii,

63; Neosiphonia harveyi, 294; Prunus speciosa, P. X
yedoensis, Schizymenia dubyi, 64.

California Botanical Society (see Jepson, Willis)

Carex: C. scirpoidea var. gigas, type determination, 279.

Noteworthy collections: From CO: C. conoidea, 66;

from WY: C foenea, C. intumescens, 134; C.

scoparia, 135.

Caulanthus crassicaulis, noteworthy collection from OR,
132.

Chaparral: Comparison of short-term effects of two fuel

treatments, 8; Hazardia orcuttii, soil community
characteristics, 237; plant community water use and
invasibility of semi-arid shrublands by woody species in

southern CA, 213.

Chorizanthe: C. parryi var. fernandina, reproductive

biology, 23; C. subsection pungentes molecular phylog-

eny with emphasis on the C. pungens-C. robusta

complex phylogeography, 168.

Coastal prairie (see Holocarpha)

Coastal sage: Hazardia orcuttii.. soil community charac-

teristics, 237; plant community water use and invasi-

bility of semi-arid shrublands by woody species in

southern CA, 213.

Coleogyne ramosissima, interactive effects of simulated

herbivory and interspecific competition on seedling

survival, 149.

Collomia renacta, noteworthy collection from OR, 133.

Colorado: Noteworthy collections: Carex conoidea, 66;

Cotoneaster lucidus, Sorbus aucuparia, 211.

Competition, interspecific (see Coleogyne)

Compositae (see Asteraceae)

Cotoneaster. Noteworthy collections: From CA: C.

frigidus, C. horizontalis, 64; from CO: C lucidus, 211.

Cruciferae (see Brassicaceae)

Cryopreservation (see Hedeoma)
Cryptantha gracilis, noteworthy collection from OR, 133.

Cupressaceae (see Juniperus)



300 MADRONO [Vol. 56

Cyperaceae: Carex scirpoidea var. gigcis, type determina-

tion, 279. Noteworthy collections from WY, Carex

foeiiea, C. intumescens, 134; C. scopan'a, Fimbristyhis

puberula var. interior, Scirpus pendulus, 135.

Dasya sessilis, noteworthy collection from CA, 293.

Dasyaceae (see Dasya)

Distichlis spicata (see Alkali meadow)
DodecatJieon pulchelliinu noteworthy collection from OR,

132.

Dryopterideaceae (see Dryopteris)

Dryopteris crista ta, noteworthy collection from WA, 68.

Editors' Report for Vol. 56, 297.

Elatinaceae (see Elatine)

Elatine brachvsperma, noteworthy collection from OR,
134.

Ericaceae (see Arctostaphylos and Vacciuium)

Eriogomnn parvifoliimi, extreme root proliferation, 58.

Noteworthy collections: E. hookeri from OR, 132; E.

pa/nieriamini from ID, 131.

Eucalyptus, diversity, reproduction and potential inva-

siveness in CA, 155.

Fabaceae: Astgragahis jaegerianus, effects of dust depo-

sition on growth and physiology, 81.

Noteworthy collections: Amphicarpaea hracteata from
WY, 134; Astragalus diversifolius from WY, 134; A.

tenellus from OR, 132; Trifoliwn leibergii from OR,
133.

Farlow, W. G., 112.

Fimbristvlus puberula var. interior, noteworthy collection

from WY, 135.

Fire: Effects of fire and groundwater extraction on alkali

meadow, 89; comparison of two fuel treatments on
chaparral communities, 8; early post-fire establishment

on a Mojave Desert burn, 137.

Floras: Emerald Lake Basin, Sequoia Nat. Park, CA,
184; Pine Hill, El Dorado Co., CA, 265.

Gabbro soil (see Pine Hill)

Geraniaceae (see Geranium)

Geranium yeoi, noteworthy collection from CA, 130.

Gilia (see Aliciella)

Gramineae (see Poaceae)

Grasslands (see Ho/ocarpha)

Grate/oupia lanceolata, G. turuturu, noteworthy collec-

tions from CA, 293.

Groundwater extraction (see Alkali meadow)

Halymeniaceae (see Grateloupia)

Haplomitrium hookeri, noteworthy collection from OR,
68.

Hazardia orcuttii, soil community characteristics, 237.

Hedeoma todsenii, in vitro propagation, cryopreservation

and genetic analysis, 221.

Herbivory (see Coleogyne and Holocarpha)

Hesperevax acaulis var. ambusticola, noteworthy collec-

tion from CA, 212.

Heterantliera dubia, noteworthy collection from OR,
134.

Hibiscus: H. lasiocarpos, nomenclatural discussion, 104;

H. moscheutos, noteworthy collection from WA, 69.

Ho/ocarpha macradenia, effect of terrestrial mollusc

herbivory in CA coastal prairie, 1.

Hydrophyllaceae (see Boraginaceae)

Idaho: Noteworthy collections: AlicieUa triodon, 130;

Eriogonuni pahnerianufn, 131; PrencmtheUa exigua, 130;

Pogogyne floribunda. Utricularia gibba, 131.

Invasive plants: Eucalyptus, diversity, reproduction and
potential invasiveness in CA, 155; plant community
water use and invasibility of semi-arid shrublands by
woody species in southern CA, 213.

Jepson, Willis, and his "Phyto-jogs", 49.

Juglandaceae (see Juglans)

Juglans californica, historical range extension, San
Bernardino Co., CA, 199.

Juncaceae (see Juncus)

Juncus: J. marginatus, status in CA, 283.

Noteworthy collections from CA: /. anthelatus, 130; /.

falcatus subsp. sitchensis, J. interior, 65; /. nevadensis

var. inventus, 66; /. planifolius, 130.

Juniperus californica, historical range extension, San
Bernardino Co., CA, 199.

Keys: Hibiscus lasiocarpos and H. moscheutos, 108;

Sidalcea perennial spp in CA, 290; Trifolium variegatum

varieties, 20.

Labiatae (see Lamiaceae)

Lagunaria pattersonia, naturalized in CA, 110.

Lamiaceae: Noteworthy collections: Ajuga reptans from
MT, 67; Lepechinia rossii from CA, 63; Pogogyne
jloribunda from ID, 131, and OR, 133; Salvia

brandgegeei from Mexico, 135.

Laminariales (see Lessoniopsis and Pleurophycus)

Lavatera olbia, L. trimestris, naturalized in CA, 110;

Lavatera vs. Malva, 109.

Leguminosae (see Fabaceae)

Lentibulariaceae (see Utricularia)

Lepechinia rossii, noteworthy collection from CA, 63.

Lessonia (see Lessoniopsis)

Lessoniopsis littoralis, historical, nomenclatural and
distributional notes, 112.

Limbella fryei, noteworthy collection from OR, 67.

Loasaceae (see Mentzelia)

Malva (see Lavatera)

Malvaceae: Anoda pentaschista, Lagunaria pattersonia,

Lavatera olbia, L. trimestris, naturalized in CA, 110;

notes on California taxa, including nomenclatural

changes and additions to the flora, 104.

New taxa: Sidalcea asprella subsp. nana, S. calycosa

subsp. rhizomata, S. celata, S. sparsifolia, new
combinations, 104; S. gigantea, new species, 285.

Noteworthy collection: Hibiscus moscheutos, from WA,
69.

Marchantiophyta: Haplomitriaceae (see Haplomitrium)

Mentzelia congesta, noteworthy collection from OR, 133.

Mesoreanthus fallax, taxonomic status, 46.

MEXICO: Arceuthobium oaxacanum and A. rubrum, 99;

Salvia brandgegeei, noteworthy collection, 135.

Mimulus hvmenophilus, noteworthy collection from MT,
67.

Mojave Desert: Astragalus jaegerianus, effects of dust

deposition on growth and physiology, 81; Coleogyne

ramosissima, interactive effects of simulated herbivory

and interspecific competition on seedHng survival, 149;

early post-fire plant establishment, 137; plant commu-
nity water use and invasibility of semi-arid shrublands

by woody species in southern CA, 213.

Mollusc, terrestrial (see Holocarpha)
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Montana: Noteworthy collections: Achillea Ji/ipeiu/ii/iiui,

Ajuga reptans, Alliaria petiolata, Munulus liynicnoplii-

lus, Orthocarpus tolmei. Papavcr croceunh Pltigio-

hothrys salsus, Syinphyotricluiiu iiiollc, 67.

Myrtaceae (see Eucalyptus)

Neosiphonia harveyi. noteworthy collection from CA, 294.

Nevada (see Coleogyue)

New Mexico: Hedeoma todsenii, in vitro propagation,

cryopreservation and genetic analysis, 221.

Noteworthy collection: Boetiiavia pterocarpa, 295.

Nyctaginaceae (see Bocrhavia)

Oregon: Arctostaphylos viscicla. ecology and growth in

ponderosa pine forest, 238; comparison of two fuel

treatments on chaparral communities, 8; Juncus mar-

ginatus, status, 283.

Noteworthy collections: Aliciella triodou. Astragalus

tenellus^ 132; Collomia reuacta, Cryptantha gracilis,

133; Dodecatheon pulcliellunu 132; Elatine hrachy-

sperma, 134; Eriogouum hookeri, 132; Haplouiitriwn

hookeri, 68; Heterantliera duhia, 134; Liinbella fryei,

67; Mentzelia cougesta, 133; Physaria cohreusis, 131;

Pogogyue floribunda, 133; Pveiumthella exigua, 131;

Tr/folium leibergii, 133.

Orobanchaceae (see Orthocarpus)

Orthocarpus tolmei, noteworthy collection from MT, 67.

Owens Valley, CA (see Alkali meadow)

Papaver croceum, noteworthy collection from MT, 67.

Papaveraceae (see Papaver)

Peltaudra virgiuica, noteworthy collection from WA, 68.

Phacelia hubbyi, elevation from P. cicutaria var. huhbvi,

205.

Pine Hill, El Dorado Co., CA, vegetation and flora of a

biodiversity hot spot, 246.

Physaria cobrensis, noteworthy collection from OR, 131.

Plagiobothrys salsus, noteworthy collection from MT, 67.

Pleurophycus gardneri, historical, nomenclatural and
distributional notes, 1 12.

Poaceae (see Bronnis)

Pogogvue floribuuda, noteworthy collections from ID,
131,' and OR, 133.

Polemoniaceae (see Aliciella and Collomia)

Pollination biology (see Chorizanthe)

Polygonaceae (see Chorizanthe and Eriogouum)
Pontederiaceae (see Heterantliera)

PrenaiUhella exigua, noteworthy collections from ID, 130,

and OR, 131.

President's Report for Vol. 56, 296.

Primulaceae (see Dodecatheon)

Propagation, in vitro (see Hedeoma)
Primus speciosa and P. X yedoensis, noteworthy collec-

tions from CA, 64.

Reviews: PlaiU Invasions: Human Perception, Ecological

Impacts and ManagemeiU eds. B. Tokarska-Guzik, et

al., 60; Systematics, Evolution and Biogeography of

Compositae by V. A. Funk, et al., 209; The California

Deserts: An Ecological Rediscovery by Bruce M. Pavlik,

60.

Rhodomelaceae (see Neosiphonia)

Riparian systems (see Secpioia sempervirens)

Root proliferation (see Eriogouum)

Rosaceae: Coleogyne rainosissima, interactive effects of

simulated herbivory and interspecific competition on
seedling survival, 149.

Noteworthy collections: From CA: Cotoneaster frigi-

dus, C horizontalis, Prunus speciosa, P. X yedoensis

64.

From CO: Cotoneaster lucidus, Sorbus aucuparia, 211.

Salvia brandgegeei, noteworthy collection from MEXI-
CO, 135.

Saunders, DeAlton, 112.

Schizymenia dubyi, noteworthy collection from CA, 64.

Schizmeniaceae (see Schizymenia)

Scirpus pendulus, noteworthy collection from WY, 135.

Scrophulariaceae (see Mimulus)

Sequoia Nat. Park, CA, Emerald Lake Basin plant

communities and floristic diversity, 184.

Sequoia sempervirens forests, effect of streamside revet-

ment, 71.

Serpentine soils, comment on zonal, intrazonal and
azonal concepts, 57.

Sidalcea: New combinations from CA, S. asprella subsp.

nana, S. calycosa subsp. rhizomata, S. celata, S.

sparsifolia, 104; new species, S. gigantea from CA, 285.

Sierra Nevada (see Pine Hill and Sequoia Nat. Park)

Sorbus aucuparia, noteworthy collection from CO, 211.

Sporobolus aeroides (see Alkali meadow)
Stream restoration (see Sequoia sempervirens)

StreptaiUhus: S. barbiger and S. verualis relationship, 43;

S. oblanceolatus, new sp. from CA, 127.

Strother, John L., dedication of Vol. 56 to, 302.

Subalpine flora and vegetation (see Sequoia Nat. Park)

Svmplivotrichum nu>lk\ noteworthy collection from MT,
"67.

Taxodiaceae (see Sequoia sempervirens)

Tilden, Josephine, 112.

Trifoliunr. T. leibergii, noteworthy collection from OR,
133; T. variegatum var. geminiflorum, new combination,

208.

Utricularia gibba, noteworthy collection from ID, 131.

Vaccinium macrocarpou, association oi' Juncus margiuiitus

with, 283.

Viscaceae (see Arceuthobium)

Washington: Noteworthy collections: Dryopteris cristata.

68; Hibiscus moscheutos, 69; Peltaudra virginica, 68.

Wyoming: Noteworthy collections: Amphicarpaea brac-

teata. Astragalus diversifolius, Carex foenea, C intu-

mescens, 1 34; C scoparia, Eimbristylus puberula var.

interior, Scirpus pendulus, 135.



Madrono, Vol. 56, No. 4, pp. 302-303, 2009

DEDICATION

JOHN L. STROTHER

This volume of Madrono is dedicated to Dr. John L.

Strother. Born in Conroe, Texas, 1941, he earned a B.S.

at Sam Houston State College, a Master's at Washington
University in St. Louis, and his Ph.D. in 1967 at the

University of Texas, Austin, under the direction of Dr.

Billie Turner. His dissertation was a systematic study of

the tagetaean genus Dyssoc/ia, and he remainsR an avid

synantherologist to this day. Upon receiving his doctor-

ate, John accepted a staff position at the University of

California Herbarium, the place he still calls home. He
has served as its ''Deputy Director'" on various

occasions.

John's research focuses on composite taxonomy, with

an occasional dalliance into other families. During his

professional career he has authored nearly 90 scientific

articles, over 140 generic treatments of Compositae for

Flora North America North of Mexico, and an
assortment of other contributions to taxonomic resourc-

es, including the Flora of Chiapas, The Jepson Manual,
and Tarweeds & Silverswords. He loves his research,

especially that relating to arcane nomenclatural details

that most systematists abhor. He possesses a broad
overview of what good monography ought to be,

especially that of a classical nature.

John is widely known for being a lover of the English

language and having a penchant for grammatical
accuracy, word use, and, what else, the use of commas,
colons, and periods (he is likely to edit this dedication).

His cleverness with words extends into botanical

nomenclature, coining an array of generic names that

can best be described as entertaining: Coniplaya (the

beach composite), ElapJnuuIra (named for Dr. Ron
Hartman—elaphos is a Greek word for a stag), Wanial-

chitcnuia (coined after the Tzeltal name for Dr. Dennis
Breedlove), Jefea (named for his mentor, Billie Turner),

Ohlivia (purportedly an anagram of Bolivia, the source of

the type material), and probably his best known coining,

Damnxcmthodhmi (it should be obvious that this is a

genus of yellow flowered composites). And there is

Zyzyxia, a name ''arbitrarily formed."

John's editorial skills were put to good use when he

assumed co-editorship of Madroiio, along with his UC
Herbarium colleague Alan Smith. John later served as

editor of Systematic Botany, and he continues to serve as

an editor for the Flora North America project. His

former mentor. Professor Turner, writes about John:

"Honest, direct, forcefiil, luivdly a tactful hone in his

stennmi." I (Patterson) recall reading a Strother review

where he commented on the author's written abstract:

"This is merely a description of contents. I should like to

see an abstract." Yet, as an editor that rare tactful

bone would appear, as he often returned a review of

a marginally acceptable manuscript with the comment
to "give the author an opportunity to make the

needed corrections." John always treated authors with

respect.

John has also been, at times, a taxonomic activist. His

publications include insightful critiques and commentar-
ies on issues of nomenclature and classification, and

invitations to his fellow plant taxonomists to speak out

and be heard, or in today's parlance, to represent.

John's position at UC did not require him to teach

classes, but he would offer the occasional seminar in

nomenclature and give almost yearly lectures in courses

on plant systematics. He is a natural teacher, articulate

and precise in explanations, witty, and encouraging. He
has co-taught many Jepson Herbarium workshops on
the Sunflower family with his colleague, Bruce Baldwin.

For many years John taught the Compositae to the plant

taxonomy class at SFSU (eventually he considered

Patterson adequately competent to give the lecture and
save himself a trip).

Some time in the late 1980's John developed a passion

outside of botany, for fountain pens. He approached this

passion as a taxonomist would, cataloguing them,

studying their history and their morphology. This

fascination (and perhaps this is not a strong enough
word

—

man, he likes them!) led him to amass thousands

of pens, to frequent pen shows around the country,

buying, selling, trading, even repairing. I (Patterson)

have made two long road trips with John to botanical

meetings, and both were punctuated with numerous
stops at antique malls to assess their fountain pen

stock.

John is known for his generosity with his time.

When asked about matters of nomenclature (he is

an astute student of the International Code of Botanical

Nomenclature) or to assist with identification of a

plant, he is usually wilHng to put on hold what he is

doing to help. More often than not he ends up ferreting
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out more details than the original questioner had in

mind.

John is known by many for his to-the-point delivery

and economy of verbiage. If asked how he is doing, he

will likely answer, "Well." His business card for years

reads: STROTHER—BERKELEY. John is also quite

an epicure, an aficionado of artisanal brews, and a guy
who prefers to pour his own—woe betide the waitperson

who gets this wrong.

So let us end this dedication in Strotherian style: Blue

Skies. John.

Bob Patterson

Professor of Biology

San Francisco State University

Alan Smith

University Herbarium
University of California, Berkeley

Mith conuiienfs from
Dr. Billie L. Turner

Professor Emeritus

University of Texas
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